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INTRODUCTION 


E anthropological literature contains a mass of detailed 
lj information on the degrees of variability of many structures 
} of the human body. Comparative data, however, on the 
i} variability of corresponding parts in the animal body are 
still quite inadequate for a comprehensive and reliable evaluation of the 
findings for man. In regard to asymmetries, or variations in the two 
halves of the body, we also possess infinitely more data for man than 
for animals, and it has been as yet impossible to compare human asym- 
metries with adequate series of observations on asymmetries in more 
than a few animals. That data on apes and monkeys are most desirable 
for such comparisons with the conditions in man is a matter of course. In 
consequence of this extremely uneven advance in our knowledge of 
variability and asymmetry there still persist the wide-spread, but un- 
proved, assumptions that civilized man is more variable than are wild 
animals of one and the same species and that asymmetries in general 
are much more common in man than in other primates. 
The present paper contributes chiefly new data on variability and 
asymmetry for comparisons between some civilized and uncivilized races 
of man and for comparisons between man and other primates, particu- 
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larly the anthropoid apes. These data have all been obtained with the 
same technique and, with few exceptions, by the same observer, the 
author. After having taken the measurements, primarily intended for 
the study of variability and asymmetry, data became available which 
yielded also new information on some proportions between the lengths 
of the long bones of the limbs. While measuring the humeri the occur- 
rence of septal apertures was recorded so that the frequency of this 
condition can be briefly listed as a by-product of this investigation. No 
systematic attempt is made to compare the results of this study bearing 
upon racial differences in man with all the many corresponding data in 
the literature on human races. The author is concerned primarily with 
providing new and uniformly taken records for comparisons between 
man and the apes, so that it will become possible later on to interpret on 
this basis the more detailed differences between the various subdivisions 
of man. The chapter on asymmetries will be restricted to the presenta- 
tion of the facts found and to the direct conclusions therefrom and will 
omit intentionally any lengthy review and discussion of the many, varied, 
and more or less plausible theories appertaining to asymmetrical size 
and function in the human body. 

In a previous paper the author (1930) had already dealt tentatively 
with the questions which form the subject of the present study. The 
material available for this former publication was too scanty to produce 
the much needed information in regard to the really representative 
variability and asymmetry in apes. During the last seven years the 
author has used every opportunity to increase his series of data for the 
study of variations and asymmetries in higher primates. Table 1 shows 
that it has been possible to add observations on more than one thousand 
skeletons not previously examined by the author. Approximately one 
half of these new records have been collected in the Hamann Museum 
of Comparative Anthropology and Anatomy of Western Reserve Uni- 
versity with its admirably extensive series of skeletons of whites and 
Negroes and of gorillas and chimpanzees. The writer is greatly in- 
debted to Prof. T. W. Todd for his generous permission to study the 
wealth of material in the Hamann Museum and for the hospitality of his 
laboratory. Over three hundred skeletons, not previously utilized by 
the author, were measured in the United States National Museum. In 
the Division of Anthropology Dr. A. Hrdlitka very kindly made avail- 
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TABLE 1 


List of adult primate skeletons examined for this investigation. The human skeletons 
total 753 and the ape and monkey skeletons 530 


(* = 1 specimen each from Zoological Museum, University Ziirich and Laboratory of Compar. Pathology, 


Philadelphia Zoological Society ; 


** — 


I specimen each from Royal College of Surgeons, London and Anat- 


omy Department, Columbia University. The determination of the sex of the skeleton of gibbons and siamangs 
is at best uncertain and many specimens have no data on sex.) 
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able the unique series of skeletons of North American Indians', Alaskan 
Eskimos and Chinese. In the Division of Mammals Mr. G. S. Miller, 
Jr. placed at the writer’s disposal, as so often before, the extensive 
skeletal material of apes and monkeys and arranged that the limb bones 
of many gibbons, previously left in the dried skins, were removed for 
study. In the constantly growing collections of the American Museum 
of Natural History the author measured a considerable number of 
skeletons, not examined by him before. He is greatly indebted to Dr. 
H. L. Shapiro for permission to study the anthropoid material of the 
former von Luschan collection and to Dr. W. K. Gregory and Dr. H. 
E. Anthony who generously made available the material in the Depart- 
ments of Comparative Anatomy and Mammalogy. The writer wishes 
to express his thanks also to his many colleagues in still other museums 
who have greatly facilitated his gathering of data on primate material 
during visits to the collections in their charge. 

From Table 1 it is evident that of all higher primates the Hylobatidae 
are less well represented in collections of primate skeletons than are the 
great apes. This discrepancy is particularly regrettable in view of the 
fact that the former are composed of two genera and a considerable 
number of species.2 Furthermore, many skeletons of gibbons and 
siamangs have no record in regard to sex (which is at best uncertain 
to determine on the skeleton of these apes). For these reasons it has 
unfortunately been impossible to obtain among Hylobatidae a sufficiently 
large series of data for specimens of the same known species and sex 
to warrant the calculation of standard deviations and variation coeffi- 
cients. Due to the frequent incompleteness of skeletons of gibbons and 
siamangs a fairly adequate series of data on asymmetries could be ob- 
tained only by using the entire family Hylobatidae as one undivided 
series. In all the other material of apes and monkeys the sex was 


*The series of North American Indians, used in this study, is composed of 
12 2 and 11 é Alaskan Indians, 19 9 and 32 ¢ Sioux Indians, 14 @ and 11 ¢ 
Algonquin Indians, 5 2 and 7 $ Arkansas Indians, and 4 2 and 3 ¢ California 
Indians. For the purpose of the present study all these more or less different 
groups are combined into one series and no attempt is made here to record and 
discuss any sub-racial peculiarities. 

*The present series of gibbons is composed of 10 Hylobates (Brachitanytes) 
klossi, 10 H. leuciscus, 9 H. lar, 9 H. pileatus, 4 H. agilis, 3 H. hoolock, 2 H. 
concolor, and 3 gibbons of undetermined species. The slight specific differences in 
some of the limb proportions of gibbons have already been discussed by the author 
(1933) and will not he repeated here. 
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definitely known or has been determined with certainty and the species 
are known with the exception of the chimpanzees.* All the specimens 
selected for this study are fully adult and none shows signs of advanced 
senility. It must be specially mentioned here that there exists no signifi- 
cant sex difference between the average ages of males and of females 
in the series of whites and of Negroes, according to an age analysis of 
this material kindly furnished by Dr. W. M. Krogman. It does not 
seem likely that the average ages of the two sexes differ appreciably in 
the other human races or in the apes used in this investigation. 

It is interesting to note in Table 1 that in the series of orang-utans 
the two sexes are about equally represented, whereas in the series of 
chimpanzees the females are much more numerous than the males and in 
the series of gorillas the males outnumber the females a great deal. 
With the exception of five cases these are all wild-shot specimens. 
These widely differing sex-ratios in the three great apes may indicate 
the natural conditions or may be due to differing factors connected with 
the collecting of the specimens in the field. In the case of the gorilla 
it is well known that the females will run away from the pursuing 
hunter while the adult male not infrequently charges and gets killed. 
It must also be considered that the large male gorilla skeleton usually 
commands a better price than the less spectacular female skeleton. The 
writer knows, however, of no similar reasons to account for the striking 
difference between the numerical proportions of the sexes in chimpanzees 
and in orang-utans. 

The totals of the skeletons, as listed in Table 1, appear in some of 
the later, special tables considerably reduced, particularly in the tables 
dealing with asymmetries. This is due to the fact that some bones were 
missing or broken or showed signs of disease or former fractures and 
hence were not measured. In most of the great apes the writer recorded 
the occurrence of healed fractures and of marked signs of disease of the 


* The great majority of the chimpanzees in the present series are from French 
Cameroon. All the gorillas of the Hamann Museum and a considerable portion 
of the other gorilla material come also from French Cameroon. The series of 165 
gorillas includes 7 G. beringei and 5 “G. graueri’, besides 153 G. gorilla. The 
series of orang-utans contains specimens from Sumatra and from Borneo, the 
two types being probably only sub-specifically separated. The series of 107 
macaques is composed of 79 Pithecus rhesus (= Macaca mulatta), 11 P. sinicus, 
6 P. philippinensis, 3 P. nemestrinus, 2 P. trus, 2 P. fuscata, 2 P. tibetanus, 1 P. 
mordazx, and 1 P. speciosus. The species differences among macaques are not 
discussed here. 
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bones which invariably were found affecting the region of a joint and 
may have influenced the length of the bone. These records are briefly 
listed in Table 2 and show that chiefly old fractures are surprisingly 


TABLE 2 


Cases of old, healed fractures and of evident disease processes on the 
joints of some of the bones of adult, wild great apes 


(f=fracture; d=bone disease. There is a total of 24 fractured bones 

distributed among 24 skeletons and a total of 11 diseased bones, 7 oc- 

curring in 7 skeletons and 2 each in two skeletons. Fractures, therefore, 

were found in 9 per cent of all the skeletons examined and marked 
disease processes in 3 per cent.) 

















NUMBER OF 
SKELETONS 
PRIMATE EXAMINED HUMERUS RADIUS FEMUR TIBIA CLAVICLE 
Gorilla é 75 af .. a oe ype cs - 
Gorilla g 52 Ws. ae ae ie wT se ee he 
Chimpanzee ¢.. 35 a x» ae apr af .. 
Chimpanzee °.. 49 a a i o- aa ad regs 
Orang-utan ¢ 23 2f id ae. a int sal oy 
Orang-utan 9? 28 oe “= — 1f id ae 
Rs «ain tchrne 262 10f 2d 2f 3d 4f 4d 46 1d =4f id 





common among the great apes in the wild state. Of the various bones 
studied the humerus appears to become more than twice as frequently 
fractured as any of the other bones. As far as known, none of the 
human races shows anywhere near as high an incidence of fractures as 
do the great apes. 

The technique of measuring the lengths of the bones used for this 
investigation is clearly shown by the drawings in Fig. 1. These par- 
ticular osteometric dimensions correspond as closely as possible to 
measurements of the same structures as taken on the outer body, so 
that the former permit at least approximate comparisons with corres- 
ponding data obtained on living or embalmed specimens. The measure- 
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Fic. 1. Semi-DrAGRAMMATIC REPRESENTATION OF THE METHODS OF MEASURING 
THE LENGTHS OF THE Bones DISCUSSED IN THIS PAPER 


The instruments used are the uppermest section of the anthropometer 
and the small sliding compass of Martin (1928); the bones shown are those 
of an adult female chimpanzee. Note that the main longitudinal axes of the bones 
are always parallel to the measuring rod of the instrument; this is most easily 
accomplished by bringing the bone as close to the measuring rod as feasible. 
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ments on the long bones of the limbs are exactly the same as those 
recommended and used by Mollison (1911) in his extensive study of 
body proportions in primates. The measurements of the long bones of 
the limbs were all taken to the nearest millimeter in man and the large 
apes, in the smaller Hylobatidae and macaques whenever necessary to 
the nearest half a millimeter. The measurements of the clavicles were 
all read to the nearest half a millimeter. The length of “humerus + 
radius” and of “femur + tibia” was obtained by simple addition of 
the lengths of the single bones and, naturally, not as one direct measure- 
ment of the total length of two adjacent bones. The data on absolute 
length and on proportions appertain to the bones of the left side with the 
exception of those comparatively few cases in which a left bone could 
not be measured for one or another of the above mentioned reasons, 
and the measurement of the right bone had to be substituted. 


THE SEPTAL APERTURE OF THE HUMERUS 


The septal aperture of the humerus (= foramen supratrochleare or 
intercondyloideum) in higher primates had been briefly discussed by 
the author (1930) in a previous paper. In the meantime a great many 
additional data have been collected by the writer and these are 
recorded in condensed form in Table 3 (not considering apertures with 
diameters of only one millimeter or less.) The nature and frequency 
of the septal aperture in primates has been discussed in detail by 
Hrdlicka (1932), who also gives a review of the literature on this sub- 
ject (though without the writer’s data of 1930). According to Table 
3 septal apertures are more common in Negroes than in whites, in both 
races more frequent in women than in men, and at least in the whites 
more common on the left than on the right. This agrees quite closely 
with the corresponding results of other investigators. In the skeletal 
material of Washington University Trotter (1934) found septal aper- 
tures in 4.3 per cent of 960 white humeri and in 12.6 per cent of 784 
Negro humeri. If calculated in the same way, the writer’s data are 
considerably higher; namely, septal apertures in 8.8 per cent of 456 
white humeri and in 17.0 per cent of 458 Negro humeri. Hrdlicka 
(1932) found these apertures in 6.9 per cent (4% per cent + @ per 
cent : 2) of 3,354 white humeri and in 18.4 per cent of 196 Negro 
humeri. According to the recent report by Akabori (1934) these 
apertures occur in approximately 17 per cent of Japanese humeri and 
according to the very extensive statistics by Hrdlicka in 19.8 per cent 
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TABLE 3 
Percentage frequencies of occurrence of septal aperture in the humeri of 


the adult primates examined for this investigation 


(The human skeletons of the U. S. National Museum have not been in- 
cluded since the septal aperture in this material has already been 
studied by Hrdlitka (1932).) 


























TOTAL OF SEPTAL APERTURE TOTAL OF 
SKELETONS onright onleft right SKELETONS WITH 
PRIMATE SEX EXAMINED only only andleft APERTURES 

er é 120 oO 1.7 3.3 5.0 
Rn 66 4cces Q 108 1.9 5.6 10.2 17.6 
a g 119 5.0 2.5 4.2 11.8 
MD Sc cccke 2 110 5.5 10.0 19.1 34.5 
ae 3 81 8.6 3.7 22.2 34.5 
GG hacia y 50 10.0 2.0 52.0 64.0 
Chimpanzee... ¢ 38 5.3 0 21.0 26.3 
Chimpanzee... @Q 57 5.3 1.8 26.3 33.3 
Orang-utan.. ¢@ 25 4.0 4.0 76.0 84.0 
Orang-utan.. @ 31 3.2 6.5 71.0 80.7 
Gibbon....... $Q 40 o o 2.5 2.5 
Siamang ..... $9 10 0 0 o 0 
Macaque ..... 3 40 2.5 5.0 2.5 10.0 
Macaque..... g 67 o o 4-5 45 





of Eskimos and in 29.6 per cent of American Indians. Among the 
great apes the apertures are least common in chimpanzees and most 
frequent in orang-utans and this according to the author’s data as well 
as according to the reports by Slomann (1926) and by Hrdlicka (1932). 
In the author’s series septal apertures occur in 39.7 per cent of 262 
gorilla humeri, in 27.3 per cent of 190 chimpanzee humeri, and in 77.6 
per cent of 112 orang-utan humeri. In the combined series of Slomann 
and of Hrdlicka these percentages are 50.0 for 124 gorilla humeri, 
29.5 for 193 chimpanzee humeri, and 73.5 for 130 orang-utan humeri 
(N.B.: A part of the data by Hrdlicka and by the author is based 
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upon the same specimens). In the Hylobatidae septal apertures are 
very rare; they were found by the author in only one out of 50 skeletons 
In macaques these apertures are also much rarer than in the great apes, 
being present in only 5.1 per cent of the 214 adult humeri examined. 
According to Trotter (1934) the aperture was present in 23.9 per cent 
of 92 humeri of “young” macaques. This would indicate that in the 
macaque the aperture tends to close with advance in age. 


THE LENGTH OF THE HUMERUS AND OF THE FEMUR 


As far as known the two sexes differ in average size in favor of 
males in all human races. This is not a universal rule for primates, 
since at least in the spider monkey the female is on an average appre- 
ciably larger than the male (Schultz, 1933). The extent to which the 
sexes differ in size fluctuates widely among monkeys and apes. It 
seems very desirable to obtain a precise expression of the relative sex 
difference in size in the various monkeys and apes, so that these sex 


TABLE 4 


The absolute and relative sex differences in size in the lengths of the 
humerus and the femur 

















(A=average) 
HUMERUS FEMUR ARITH MET. 
SEX DIFFERENCE IN Absolute Absolute MEAN 
SIZE OF HUMERUS difference 9 Ain% difference 92 Ain% oF BOTH 
AND FEMUR between A of 6 A betweenA of $ A PERCENTAGES 
, ee re 29 mm. 91.0 35 mm. 91.9 91.45 
EE oe 26 mm. 92.1 33 mm. 92.6 92.35 
a 25 mm. 91.8 28 mm. 93.0 92.40 
Nc tsitveneexswes 28 mm. 91.3 39 mm. 91.0 91.15 
Average for man..... 27 mm. 91.6 34 mm. 92.1 91.84 
Gorilla (gorilla) .... 69 mm. 84.2 65 mm. 82.7 83.45 
Chimpanzee ......... 16 mm. 04.7 14mm. 05-4 95.05 
Orang-utan.......... 42 mm. 88.5 35 mm. 87.0 87.75 


Macaque (rhesus) .... 7 mm. 05.2 9 mm. 04.7 94.95 
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differences in man can be compared with those in other primates. Since 
it would be exceedingly difficult, if not impossible, to secure statistically 
adequate series of data on the size and weight of the entire bodies of 
adult male and female great apes, we must utilize instead the large series 
of skeletons of adult apes in our collections. As has been realized for 
a long time, the lengths of the long bones of the limbs are the most 
suitable dimensions on the skeleton for characterizing the general size 
of the animal. The data obtained for the present study readily permit 
such a comparison between man and some apes and monkeys in regard 
to the relative amounts of sex difference in size, as indicated by the 


TABLE 5 


The length of the humerus (in mm.) of adult primates 


(*=500 mm. on right humerus.) 





NUMBER OF RANGE OF 














PRIMATE SEX SKELETONS VARIATIONS A+E(A) etE(¢) CHE(C) 
| | 3 122 276— 371 321+0.908 16.06+0.69 500+ 0.21 
eee a 110 240— 328 202+0.98 15.33+069 5.25+0.24 
a 3 122 278 — 364 3201.01 16.55+0.71 5.03+0.22 
Le g III 265— 348 3032%1.03 16.10+0.72 5.31 %:0.24 
Eskimo........ r) 73 272— 335 3031.13 14.35+080 4.73+0.26 
Eskimo........ 2 49 244—309 278+1.24 1291+088 4.64+0.32 
Indian......... f 64 285 — 354 3221.23 1468+088 4.56+0.27 
EE 2 54 250— 323 2041.35 14.72+0.96 5.01 + 0.33 
Chinese....... F.) 39 277 — 334 3011.45 13.4521.02 4470.34 
Australian ..... 39 7 268 — 320 301 oan aie eee + 
Gorilla (gorilla) @ 93 401 — 407* 437 1.52 21.72%1.06 4.07+0.24 
Gorilla (gorilla) @ 60 332— 403 3682%1.37 15.71%+0.08 4.27+0.26 
Chimpanzee.... ¢ 45 252— 345 3061.73 17.32%1.23 5.66+0.40 
Chimpanzee g 62 242— 327 200+1.61 18762%1.12 6.47+0.39 
Orang-utan é 41 320— 409 365+1.98 I18892~1.40 5.182 0.38 
Orang-utan.... 9? 39 300— 355 3231.42 13.13 1.00 4.07+0.31 
Siamang...... ee 19 251— 289 269. ... Pe 50 
Gibbon ....... éQ 50 187—252 224 
Macaque 

(rhesus) é 19 116— 157 1441.59 1034¢1.13 7.182%0.78 
Macaque 
(rhesus) .... Q 60 120—148 1370.47 5.412034 3.05+0.24 
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lengths of the humerus and the femur. According to Table 4 the various 
human races differ but very little in the degree with which the males 
surpass the females in the length of the long bones. Among the 232 
skeletons of whites of the author’s series the length of the (left) humerj 
of the females averages 91.0 per cent of the length of the (left) humeri 
of the males. In the enormous series of 1668 whites, measured by 
Hrdlicka (1932), the corresponding percentage is strikingly similar, 
namely 91.27. On a general average the humerus and femur of man 
are approximately 8 per cent shorter in females than in males. In 
gorilla this figure is slightly more than twice as great, i.e. 16.5, in the 
orang-utan it amounts to 12.2, but in the chimpanzee and the macaque 











The length of the femur (in mm.) of adult primates 


TABLE 6 





NUMBER OF RANGE OF 








PRIMATE SEX SKELETONS VARIATIONS A+E(A) otE(c) C+E(C) 
re 3 122 377— 480 4341.25 2049+088 4.72+0.20 
) ae 2 110 338—455 30021490 23.35~1.05 5.85+02% 
| RET: f 122 379— 480 4491.47 24.07+1.03 5.360.233 
ci Saterers yb III 355—473 4161.42 22.20+1.00 5.34+0.24 
Eskimo........ é 73 354—443 4042:1.64 20.77+1.16 5.14+0.29 
Eskimo........ 2 49 308 — 412 3761.84 19.21+1.31 5.11 +035 
Se 3 64 380 — 477 4331.76 20.06%1.25 484+0.29 
re 2 54 347 —434 3041.78 19.36241.26 491+0.32 
eee F) 39 375—453 408+2.03 18.79% 1.43 4.61+0.35 
Australian ..... eQ 7 378 — 430 407 eS coe melee 
Gorilla (gorilla) ¢@ 84 341 —423 3761.27 17.23+0.900 4.58+0.24 
Gorilla (gorilla) 9 54 285— 352 311+0.98 10582069 3.40+0.22 
Chimpanzee.... 2 38 256 — 333 3001.77 16.22+1.25 5.41042 
Chimpanzee.... 92 58 249—318 286+1.47 16.76%+1.06 5.86+037 
Orang-utan.... 2 32 229— 295 2690%+1.86 15.64+1.31 5.81 + 0.49 
Orang-utan.... 92 29 216— 261 2342%1.32 10.582%0.93 4.52+0.40 
Siamang....... 2Q 9 I9I—219 206 nei ‘cs emo 
| SE ed 44 172—217 197 
Macaque 

(rhesus) .... 2 19 I3I—I91 1702.18 14.13%1.54 8.31001 
Macaque 
(rhesus) .... @ 60 145—174 161+0.58 6662041 4.140% 
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to only about 5. Man, therefore, stands in regard to sex difference in 
size between the macaque and chimpanzee on one side and the orang- 
utan and gorilla on the other. 

The absolute lengths of the humerus and of the femur and the de- 
grees of their variability are listed in Tables 5 and 6. The Eskimos and 
the Chinese have on an average significantly shorter humeri and femora 
than the other human races studied. The longest humerus among all 
primates is found in the gorilla, particularly in the males, in which the 
highest individual value reaches 500 mm. Even the shortest humerus 
of an adult male gorilla exceeds by far the longest humerus among the 
human series. It is interesting to note that some siamangs and even a 
few gibbons have longer humeri than some adult chimpanzees. The 
ranges of variations in the length of the femur do not overlap in these 
genera. 

In man and macaque the femur is always longer than the humerus. 
In gorilla, orang-utan, siamang, and gibbon the reversed relation exists 
in all cases, but in the chimpanzee the femur is equally as long as, or 
longer than, the humerus in 30 out of 96 skeletons, i.e. in 31 per cent 
of the cases. The difference in favor of the femur can be as much as 
15 mm. and amounts to 14 mm. in three of the chimpanzees measured. 
According to Schlosser (1901) Dryopithecus also has a femur sur- 
passing the humerus in length (at least in one case). 


THE CLAVICULO-HUMERAL INDEX 


The relation in length between the clavicle and the humerus expresses 
quite approximately half the width between the shoulders in percentage 
of the length of the upper arm. This proportion, introduced by Broca, 
has been utilized by many investigators in the study of racial differences 
inman. The averages and the conditions of variability of this index in 
the series of the present study are listed in Table 7. The Negroes and 
whites have on an average lower indices than the Eskimos, Indians and 
Chinese. According to their small series, the Australians possess by far 
the lowest claviculo-humeral index among the human races in Table 7. 
In the whites, Negroes, Eskimos, and Indians the averages for the 
males surpass those for the females. A corresponding sex difference 
exists in the gorilla, orang-utan and macaque. Only in the chimpanzee 
are the two sexes equal in regard to this proportion. In series of 50 
adult male and 50 adult female American Negro skeletons Terry (1932) 
obtained the following averages for the claviculo-humeral index (left 
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TABLE 7 


The claviculo-humeral index (length of clavicle in percentage of length 
of humerus) of adult primates 





NUMBER OF RANGE OF 








PRIMATE SEX SKELETONS VARIATIONS A+E(A) etE(¢) CHE(C) 

. Ey 3 122 41.4—546 47.6240.13 2.19+0.09 4.60 + 0.20 
, SE g 110 418—529 468016 2520.11 5.382 0.24 
| ee é 122 418—54.7 47.00.15 2432010 5.17 +0.22 
ee Pa 11! 39.9—52.2 4632016 2490.11 5.38 20.24 
Eskimo ....... é 73 428—58.2 49.10.22 2.76015 5.62+031 
NA seems g 49 438—54.6 48.52+0.24 2.502+)0.17 5.15 + 0.35 
Re ctunens F.) 64 42.3—53.2 49.00.18 210013 420+0.26 
Si ieskenns g 54 419—53.4 4782020 2.182014 4.562030 
Chinese ....... F) 39 446—55.2 48.20.25 2.350.18 488 + 0.37 
Australian .... 292 7 39.4—45-5 43.0 exes “Sea 
Gorilla(gorille) ¢ 68 32.2—418 37.70.18 2.162013 5.73+0.33 
Gorilla(gorilla) @ 45 31.5—39.8 3582021 2060.15 §5.75+041 
Chimpanzee... ¢ 35 36.2—45.9 420+029 258+0.21 6.14049 
Chimpanzee... @ 52 36.7— 48.3 422+0.25 2.73+018 647+0.43 
Orang-utan ... @ 26 428—56.9 soatos: 3.83%~036 763+071 
Orang-utan... 2 30 43-6—52.5 4742026 2.09+018 4412038 
Siamang ...... $Q 4 37.0— 44.5 40.0 Lees mae 
Gibbon ....... $e 22 34-5—44.6 38.6 
Macaque 

(rhesus) é 19 32.6—43.8 39.5045 2.903%0.32 7.42 +081 
Macaque 

(rhesus) Q 60 338—41.2 36.7018 2034013 5.53+0.34 








side) : males = 46.96 + 0.29, females = 44.76 + 0.34. These values, 
which agree quite closely with those of the writer, also show that the 
index is larger in males than in females. 

The highest average claviculo-humeral index is found in the orang- 
utan, which possesses not only a very long humerus, but also an 
exceptionally lengthened clavicle. In all the other apes and monkeys in 
Table 7 this index averages considerably less than in the human races. 
The latter stand in regard to this character between the orang-utan and 
the other anthropoid apes. 

The new and much more extensive series of lowland gorillas con- 
firm the author’s (1934) previous finding that Gorilla gorilla is char- 
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acterized by a significantly lower claviculo-humeral index than the 
mountain gorilla (G. beringei). In the former this index averages 37.7 
in males and 35.8 in females, whereas in the latter 43.6 in (4) males 
and 42.8 in (3) females. This difference is due to the comparatively 
short arm of the mountain gorilla. 


THE INTERMEMBRAL INDEX 


The percentage relation between the added lengths of humerus and 
radius and of femur and tibia is the important intermembral index on 
the skeleton. The present data for this index are listed in Table 8. 
Among the human races the whites and Negroes have for the same 
sex slightly lower averages than the Eskimos, Indians and Chinese. 
The enormous literature on this index in different races will not be 
reviewed here, since the data of this study are to serve chiefly for com- 
parisons between man and other primates. It must be mentioned, how- 
ever, that in all the human races measured by the author the average 
indices of the males lie above the corresponding averages of the females, 
indicating that the former possess the proportionately longer arms. 
From the distribution of the male and the female variations, shown by 
Fig. 2, it is evident that one is dealing here with an unquestionable 
secondary sex difference. In the chimpanzee, which is the only primate 
besides man with a similar sex difference, the variations above the 
average are not always more frequent in males than in females, as they 
are in whites, Negroes and Eskimos. 

The maximum intermembral index among the adult human skeletons 
equals 79.2, the minimum value in any skeleton of the other primates 
examined amounts to 83.0 and belongs to a macaque. According to 
the data in Table 8 and the diagrams in Fig. 3, the macaques bridge the 
gap between the intermembral indices of man on one side and those of 
the anthropoid apes on the other side. Among the latter there is not a 
single case with an intermembral index below 100 (minimum value = 
100.1). The indices of the anthropoid apes form one uninterrupted 
series from 100 to 155 and there are always some generic ranges of 
variations which overlap extensively. Thus, one can not distinguish by 
the intermembral index alone between gorillas and chimpanzees. One 
can, however, tell gibbons and siamangs apart by merely knowing their 
intermembral proportions. That the intermembral indices of at least 
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Fic. 2. Frequency Potycons SHOWING THE PERCENTAGE DISTRIBUTION OF 
VARIATIONS OF THE INTERMEMBRAL INDEX IN THE Two SEXES OF 
ApuLt CHIMPANZEES, Eskimos, NEGROES, AND WHITES 


The black areas represent the zones of overlapping of the polygons for males 
and for females. The variations are divided into groups representing 1.4 index 
units each. 
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the siamangs and orang-utans have in all probability undergone a more 
far-reaching phylogenetic change in one direction than have those of 
man in the opposite direction, has already been discussed by the author 
(1930 and 1933) in other papers. 


TABLE 8 


The intermembral index (length of humerus +- radius in percentage of 
length of femur + tibia) of adult primates 

















NUMBEROF RANGE OF 

PRIMATE SEX SKELETONS VARIATIONS A2tE(A) ¢x+E(e) CrE(C) 
WE cco aséen é 122 65.3— 75.7 70.50.12 1.89%0.08 2.68+0.12 
MEE Seceee<e g 110 64.5— 74.4 69.00.13 2.05+0.09 2.97+0.13 
PE Bs 540 <> é 122 66.5— 74.5 70.3240.10 1.622%0.07 2.30+0.10 
a g III 65.6— 73.6 69.20.10 1.62+0.07 2.3420.11 
Eskimo ....... $ 73 65.9— 78.0 71.70.19 2.4120.13 3.3620.19 
Eskimo ....... g 49 64.9— 75.0 70.20.20 2.132%0.14 3.030.21 
PE aes F.) 64 67.3— 75.5 71.50.14 1.672+0.10 2.3420.14 
ae g 54 68.9— 79.2 71.32%0.15 1.650.111 2.3120.15 
eee é 39 67.1— 74.0 71.10.18 1.70%0.13 2.390.18 
Australian ..... 22 68.0— 72.0 70.2 
Gorilla (gorilla) @ 93 110.3—123.4 116.§20.19 2.70%0.13 2.322b0.11 
Gorilla (gorilla) 9? 60 110.8—125.0 117.82+0.26 3.01%0.19 2.56:+0.16 
Chimpanzee .... ¢@ 44 100.5—113.7. 107.320.29 2.8320.20 2.6420.19 
Chimpanzee.... 2 60 100.1—112.0 106.4%0.25 2.83+0.18 2.66+0.16 
Orang-utan.... 32 41 135.0—149.9 142.8:60.41 3.8820.29 2.72+0.20 
Orang-utan .... 9? 38 139.2—150.9 144.9260.36 3.262025 2.252+0.17 
Bs cases $2 19 145.0—I55.2 148.5 
Gibbon........ ée 50 120.5—137.1 128.3 
Macaque 

(rhesus)..... 2 19 84.8— 90.2 87.40.25 1.60+0.17 1.8320.20 
Macaque 

(rhesus) ..... @ 60 83.0— 91.0 87.60.14 1.6a0.10 1.850.11 
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Fic. 3. Frequency Potycons SHOWING THE PERCENTAGE DISTRIBUTION OF 
VARIATIONS OF THE INTERMEMBRAL INDEX IN THE ENTIRE MATERIAL 
Struprep, ACCORDING TO THE DIFFERENT Major Types oF PRIMATES 


The variations are divided into groups representing 1.4 index units each. 
The figures in parentheses give the total numbers of skeletons used for each 
series. 


THE BRACHIAL INDEX 


The data for the brachial index, or the percentage relation between 
the lengths of the radius and the humerus, are listed in Table 9. Among 
the human races this index is significantly lower in whites and Eskimos 
than in Negroes, Indians, Chinese, and Australians. In all the races 
for which sufficient series of both sexes could be measured the averages 
of the males are higher than the corresponding averages of the females 
(see also Fig. 4). Males, therefore, are characterized by a proportion- 
ately long radius. With the exception of the orang-utan the apes and 
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Fic. 4. Frequency Potycons SHOWING THE PERCENTAGE DISTRIBUTION OF 
VARIATIONS OF THE BRACHIAL INDEX IN THE Two SEXES 
or ADULT WHITES AND NEGROES 


The variations are divided into groups representing 0.9 index units each. 


monkeys also show higher average brachial indices in males than in 
females, but in no case is this sex difference as pronounced as in man. 
Among the adult primates studied the brachial index varies be- 
tween 64.9 and 123.9. As shown clearly by Fig. 5, the ranges of varia- 
tions of the different types of primates overlap extensively and there 
is no type which is really separated from all other types. On a general 
average man has the proportionately shortest forearm among all these 
primates, but over half of the individual values in man fall in the range 
of variations in the gorillas. Among the latter the mountain gorilla has 
a higher brachial index (average of 7 specimens = 84.8) than the 
lowland gorilla (see Table 9 and Schultz, 1934). Even the range of 
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Fic. 5. Frequency Potycons SHOWING THE PERCENTAGE DISTRIBUTION oF 
VARIATIONS OF THE BRACHIAL INDEX IN THE ENTIRE MATERIAL STUDIED, 
ACCORDING TO THE DIFFERENT Mayor Types oF PrimMaTes 


The variations are divided into groups representing 0.9 index units each. 
The figures in parentheses give the total numbers of skeletons used for each 
series. 


variations in chimpanzees reaches the range among human groups. 
Thus, the minimum value of the former (85.6) is surpassed by at least 
some Annamese for whom an average value of 86.7 is quoted by Martin 
(1928) in a list of brachial indices in many human races. 


THE CRURAL INDEX 


The averages and the conditions of variability of the percentage 
relation in length between tibia and femur, or the so-called crural index, 
are shown in Table 10. This index is much more uniform among the 
primates studied than are the previous two proportions. The crural 
index fluctuates only between 73.9 in a gorilla and 99.1 in an orang-utan. 
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TABLE 9 


The brachial index (length of radius in percentage of length of 
humerus) of adult primates 





NUMBEROF RANGE OF 





x, 
1¢ 











PRIMATE SEX SKELETONS VARIATIONS A+E(A) etE(e) CtrE(C) 
ME cuss cde 3 122 67.2— 79.1 74.50.14 2.290.100 3.07+0.13 
WORE Sensteces Q 110 64.9— 79.3 73.20.16 2.57+0.12 3.51+0.16 
Pree 3 122 70.2— 84.6 78.50.17 2.73%0.12 3.48+0.15 
Ae g 11! 68.1— 84.1 77.00.19 3.0420.14 3.95+0.18 
Eskimo ........ é 73 67.0— 82.1 74.70.21 2.6420.15 3.5320.20 
ae 2 49 66.4— 79.0 72.72%0.24 2.52017 3.4720.24 
bases 3 64 71.6— 83.7. 78.20.22 2.580.15 3.30+0.20 
Indian ......... 2 54 71.1— 82.9 76.90.22 2.38-t0.15 3.09+0.20 
eS ee é 39 72.5— 82.0 77.3240.23 2.11%0.16 2.73+0.21 
Australian ..... se 7 76.0— 80.7 78.3 eat) es 
Gorilla(gorilla) ¢@ 93 74.5— 85.2 80.40.15 2.1620.11 2.692+0.13 
Gorilla (gorilla) 9 60 74.3— 86.2 79.92%0.20 2.29%0.14 2.87+0.18 
Chimpanzee.... ¢@ 45 87.0— 90.7 93.10.32 3.21+0.23 3.4520.24 
Chimpanzee.... 2 60 85.6— 98.9 92.60.26 2.98+0.18 3.22+0.20 
Orang-utan .... ¢ 41 91.7—108.5 100.320.3909 3.73+0.28 3.72+0.28 
Orang-utan .... 9? 39 G4.0—107.5 100.720.33 3.0420.23 3.02260.23 
Siamang....... $2 19 106,.0—116.0 II1.4 sigs? saat 
Gibbon ........ éeQ 50 104.8—123.9 113.5 
Macaque 

(rhesus)..... é 19 04.3—102.2 098.520.34 2.190.224 2.220.24 
Macaque 
(rhesus) ..... g 60 92.7—101.7.  97.620.19 2.2220.14 2.2720.14 





Among the human races this proportion is on an average the highest in 


Australians and the lowest in Eskimos, whites and Chinese. 


In the 


gorilla the crural index is even considerably lower than in the last men- 
tioned human races, i.e. gorillas have a proportionately shorter tibia 
than have the various human races. In previous and not yet published 
investigations on the relative position of certain muscle insertions in 
dissecting room material the author had measured the length of femur 
and of tibia. From these additional data the following crural indices 
were obtained: average of 62 adult (¢ and @?) whites = 84.0 and 
average of 76 adult (é and 2) American Negroes = 85.9. These 
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TABLE 10 
The crural index (length of tibia in percentage of length of 
femur) of adult primates 
NUMBER OF RANGE OF 
PRIMATE SEX SKELETONS VARIATIONS A+E(A) otE(¢) CtE(C) 

WR cies esa 3 122 78.1—90.0 83.340.13 2.12+0.09 2.55+0.11 
White ....... Q 110 778—80.3 83.50.15 2.372011 2840.13 
i. ae é 122 80.0—91.1 86.2+0.16 2590.11 3.00+0.13 
ee Q III 80.5—92.4 86.10.15 2382+011 2.76+0.12 
Eskimo....... a 73 76.0—90.1 83.0+0.22 280+016 3.37 +0.19 
Eskimo ....... 9 49 77.4—868 82.32%0.24 2.482+0.17 3.01 +0.20 
iis ests 3 64 80.2—92.4 85.9+0.20 2.394014 2.78+0.17 
WR kas. ose g 54 80.3—80.8 85.2+020 218+014 2.56+0.17 
Chinese ....... é 39 80.6—88.7 83.6+020 182+014 218+0.17 
Australian .... : 7 84.8—92.6 888 
Gorilla(gorilla) @ 93 73.9—85.8 7O.94#0.15 220+0.11 2.75 0.13 
Gorilla(gorilla) 9 60 77.4—85.2 808+0.19 2.18+013 2.70+0.17 
Chimpanzee... ¢ 44 79.2—88.8 83.50.23 2.25+0.16 2.69+0.19 
Chimpanzee cS 60 77.9—87.8 8342020 235+0.15 282+0.17 
Orang-utan 3 4! 83.8—97.2 91.50.33 3.11 0.23 3.40+0.25 
Orang-utan ... @ 38 85.9—990.1 92.30.32 298+0.23 3.23 +025 
Siamang ...... 2Q 19 83.0— 90.0 86.0 - - 
Gibbon ....... ee 50 85.0—94.0 88.7 
Macaque 

(rhesus) 3 19 88.6—98.2 91.92%0.43 2.79+0.30 3.04+0.33 
Macaque 

(rhesus) .... 9 60 88.5—06.1 92.0+0.15 I1.70+0.11 3.14+0.19 





values agree quite closely with the new corresponding figures, based 
upon much larger series, in Table ro. 

In contrast to the inter:aembral index and the brachial index, the 
crural index does not differ significantly in the two sexes. 


VARIABILITY 


For the sake of condensed and convenient comparisons between the 
conditions of variability in the major groups of primates and in the 
different characters studied arithmetic means have been calculated of the 
variation coefficients in the Tables 5 to ro. 
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TABLE 11 


Arithmetic means of the variation coefficients of the absolute lengths 
and proportions in man, the great apes and the macaque (rhesus 
monkey), based upon the detailed data in Tables 5, 6, 7, 8,9, and 10 








AVERAGE C + E(C) MAN GREAT APES MACAQUE 
Humerus length ............. 489+0.27 5.10+0.33 5.56 + 0.51 
PU ED ace ecendvceteee 5.10 + 0.28 4-93 + 0.26 6.22 + 0.58 
Claviculo-humeral I. ......... 5.00 + 0.28 6.02 + 0.46 6.47 + 0.57 
Intermembral index .......... 2.64 + 0.15 2.52 + 0.16 1.84 + 0.15 
ET PN ox ocannatecenaa 3352019 3.16+0.21 2.24 + 0.19 
ST ME bios 6ccsbasbnbban 2.78 + 0.15 2.9320.19  3.09+0.26 





According to Table 11 the average variation coefficients of the 
humerus length and of the femur length do not differ significantly 
either in man, or the great apes, or the macaque. Among the propor- 
tions the claviculo-humeral index is by far the most variable one in all 
three of these types of primates. The intermembral index has the lowest 
average variation coefficient of all the indices not only in man, but also 
in the great apes and the macaque. The intermembral index is remark- 
able for its low variability not only when based upon skeletal dimensions, 
but also when derived from measurements on the outer body. Thus, 
the author (1926) obtained lower variation coefficients for the inter- 
membral index than for 13 other proportions of the outer body in series 
of adult as well as of fetal human bodies. According to Table 11 the 
brachial index is more variable than the crural index in man, whereas 
in the great apes there exists no significant difference between these two 
indices and in the macaque the crural index is more variable than the 
brachial index. 

That some proportions, such as the claviculo-humeral index, can be 
much more variable than others, such as the intermembral index, and 
this consistently in widely different types of primates, is evident also 
from the previous finding of the author (1926) that spider monkeys as 
well as howler monkeys have very much higher variation coefficients for 
the measurements and proportions of the face part of the skull than 
for those appertaining to the brain part. In comparing the degrees of 
variability in different groups of primates one can, therefore, utilize 
only strictly corresponding characters. 
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TABLE 12 
Arithmetic means of the variation coefficients of humerus length, femur 


length, claviculo-humeral index, intermembral index, brachial index, 
and crural index, as listed in Tables 5, 6, 7, 8, 9, and 10 








AVERAGE AVERAGE 

PRIMATE C+ E(C) PRIMATE C+ E(C) 
fs ees Sep meee . Ga b accacoccccckds 3.84 + 0.20 
| aan eae SOR On6.....C OD .nncccicscvueen 3-59 + 0.23 
gg aay eee 4.06 + 0.17 Chimpanzee @ .......... 4.33 + 0.32 
Se Wr ddboccs0esecdes 418+0.19 Chimpanzee 9 .......... 4.58 + 0.29 
0 Rr en eee 4.29 + 0.24 Orang-utan ¢ .......... 4.74 = 0.38 
ED cu vddandavesy 4.07 + 0.28 Orang-utan @ .......... 3.58 + 0.29 
ne oe 3.69 + 0.22 
NEE aecccccctunans 3.74 + 0.24 Reatage for Gah ahee.. 41 RO 
ee 3.54 + 0.27 ES en ee 5.00 + 0.54 
Average for man ........ 3.96 + 0.22 BE bavicnsnbxas 3.48 + 0.21 





Table 12 lists the arithmetic means of the variation coefficients of the 
two absolute lengths and the four indices in the Tables 5 to 10 for each 
of the different groups of primates for which there were sufficiently 
large series of males and of females. These averages naturally would 
mean nothing by themselves, but, being based upon exactly the same 
characters in every case, they serve as an entirely comparable expression 
of the relative degree of variability in each group and sex. Among the 
human races there exists no really significant difference in regard to 
variability and there is no consistent and marked difference between the 
two sexes. It is interesting to find that the composite series of American 
Indians is, if anything, slightly less variable than the supposedly homo- 
geneous series of Alaskan Eskimos and that the latter are as variable 
as the whites, who are sometimes supposed to have an unusually high 
variability on account of extensive mixture between “sub-races” and 
absence of “natural selection”. 

In regard to the lengths and proportions discussed here the great 
apes have on a general average approximately the same degree of 
variability as have human races and the macaque is only slightly more 
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variable, the average of the variation coefficients of males and of fe- 
males amounting to 4.24 (for the single species Pithecus rhesus!). 
The orang-utan and the macaque are the only primates among the types 
studied in which there is a marked sex difference in variability, in both 
the females being more uniform than the males. 

If Homo sapiens as a whole and without regard to racial divisions 
is compared with the other primates (as is done in the Figs. 3 and 5), 
it is found that man as a species can exceed some of the apes in regard 
to the total ranges of variations of the indices studied. For the inter- 
membral index this range extends over 14.7 index units in man, in- 
cluding the six races used, also over 14.7 units in the single species 
Gorilla gorilla, and over 15.9 units in orang-utan which constitutes 
most likely also only one species. In chimpanzee with certainly 
several species this range amounts to only 13.6 units and in the gibbons 
with at least seven species to not much more, namely 16.6 units. In 
the case of the brachial index the variations spread over 19.7 index 
units among all the human races combined, over 19.1 units in the gib- 
bons, over 16.8 units in the orang-utan, over 14.1 units in the chimpan- 
zee, and over only 11.9 units in the lowland gorilla. The ranges of 
variations of the crural index extend over 16.6 index units in man, but 
over only 15.3 units in the orang-utan, 11.9 in the gorilla, and 10.9 units 
in the chimpanzee. 

It is as yet premature to generalize, but it appears that at least in 
regard to some skeletal dimensions and proportions single human races 
are approximately as variable as entire species (e.g. lowland gorilla, 
orang-utan, rhesus monkey) or even genera (e.g. chimpanzees of several 
species) of apes and that mankind as a whole can surpass some of the 
species and even genera of the anthropoids in this respect. This is 
supported also by previous observations of the author, i.e. the variation 
coefficients of some cranial dimensions and indices are practically the 
same in platyrrhine species Alouatta palliata and Ateles geoffroyi as in 
series of Swiss Alpines, of Bavarians, of Greenland Eskimos, and of 
Melanesians (Schultz, 1926). On the other hand, numerical variations 
in the vertebrae of various regions are very much more common in all 
the anthropoid apes and in some platyrrhine species than in man 
(Schultz, 1930). The cranial capacity varies in adult man in general 
and disregarding rare extreme variations between at least 1100 and 
1700 cu. cm. (Martin, 1928). This range amounts to 43 per cent of 
the quite approximate general average of 1400 cu. cm. Hagedoorn 
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(1926) has collected corresponding data for large series of great apes: 
the range of variations in the cranial capacity of adults in percentage of 
the average capacity equals in 197 gorillas 62.5, in 122 chimpanzees 40.2, 
and in 254 orang-utans 68.0. In males alone these figures are 52.4 for 
gorillas, 31.7 for chimpanzees, and 57.5 for orang-utans. It appears that 
in this character gorilla and orang-utan are more variable than man, 
whereas the chimpanzee is slightly less so, unless it is assumed that a 
larger series of the latter would increase their relative range of 
variations. 

It is readily seen that a great deal more work will have to be done on 
this subject before generally valid conclusions can be drawn and before 
one can throw new light on the problem whether human races are really 
equivalent to species in other primate genera. 


FREQUENCY AND DISTRIBUTION OF ASYM METRIES 


The percentage frequency and distribution of asymmetries in the 
bones of the upper extremities of the human material is listed in Table 
13. In Table 14 the data on asymmetries in the humerus of whites and 


TABLE 13 


Percentage distribution of asymmetries in the upper extremities 
of human races 























HUMERUS RADIUS HUMERUS + RADIUS 
RACE AND SEX > ri i> > racl. Lo . ra LS 
Wee 6 sddse cde 66 I! 23 72 9 19 77 4 19 
ee 75 8 17 76 12 12 83 4 13 
BD Bc nduiccce 40 10 50 63 17 20 60 4 36 
gd ee 70 II 19 71 12 17 79 7 14 
eens a 74 9 17 53 19 28 74 6 20 
Eskimo @ ....... 90 2 8 74 13 13 gI ° 9 
Indian @ ....... 81 3 16 66 9 25 83 5 12 
ME ce ccnce 86 6 8 72 12 16 04 2 4 
Chinese ¢@2 .... 68 16 16 80 10 10 84 3 13 





Australian ¢@2 .. 67 oO 33 67 oO 33 67 o 33 
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Negroes have been supplemented by some corresponding, previous ob- 
servations of the author (1918), gained also on dissecting room bodies. 
These tables permit the following conclusions: in all the races studied 
asymmetries in the humerus and in the radius as well as in the added 
measurements of these two bones favor the right side much more fre- 
quently than the left. Only in the case of the humerus of the male 
Negroes is this rule barely noticeable (Table 14), since in this series 


TABLE 14 


Distribution of asymmetries in the humeri of whites and Negroes 
according to the combined data from the present series and 
from a previous investigation by the author (1918) 

















RACE AND SEX SOURCE TOTAL > roi. lL> 

; present 
White 8 ..ccccce suite 122 81 13 28 
SE GE ctenwae 1918 40 17 10 13 
White  Combined......... 162 08 23 41 
I ih cus ie 0 ere 61 14 25 

; present 
Re So sadiccs onal 110 83 9 18 
WE OD éestecce 1918 II 9 o 2 
White 2 Combined ......... 121 92 9 20 
i 76 7 17 

resent 
Wes Be cnevianse pate 121 49 12 60 
Negro @ ......+. 1918 38 22 8 8 
Negro 8 Combined......... 159 71 20 68 
Percentage. .cccececesses 45 12 43 

resent 
Naw @ ..iwesis patria 109 76 12 a1 
| 1918 16 9 7 o 
Negro 92 Combined......... 125 85 19 21 


PE s n0.0i0rncnvnen 68 15 17 
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of 159 skeletons the left humeri are longer than the right ones in 43 
per cent of the cases. Symmetry is considerably rarer in the lengths 
of humerus + radius than in the lengths of the single bones alone— 
a result that might have been expected. Asymmetries in favor of the 
right side are more common in the former than in the latter measure- 
ments. In white males of the present series the length of humerus +- 
radius is longer on the right than on the left in 77 per cent of the cases. 
This agrees very closely with the finding by Hasse and Dehner (1893) 
that among 5141 German soldiers the right arm surpassed the left in 
length in 75 per cent of the cases. It does not agree, however, with the 
results of Rollet (1902), who found the humerus + radius longer on 
the right than on the left side in 98 per cent of 50 male and in 94 per 
cent of 50 female European skeletons, and the reversed relation in only 
3 out of these hundred skeletons! 

From Tables 13 and 14 it is evident that asymmetries in favor of the 
right side are consistently more frequent in females than in males 
among whites, Negroes, Eskimos, and Indians and this in the humerus 
as well as the radius and the combined length of the two bones. In 
regard to racial differences it can merely be tentatively stated that in the 
upper extremity asymmetries favoring the right bones are rarest in 
male Negroes and most common in female Indians and Eskimos. Even 
the primitive Australian aboriginals fall between these extremes. The 
writer’s small series of data for this race can be supplemented by some 
observations by Breitbart, tabulated by Mollison (1911). These com- 
bined series of Australians result in the following percentage frequencies 
of asymmetries: Humerus (14 skeletons) r. > 71; r. = 1.0; 1. > 29: 
Radius (12 skeletons) r. > 67; r. = 1. 8; 1.> 25: Femur (12 skele- 
tons) r. > 25; r. = 1. 33; 1. > 42: Tibia (9 skeletons) r. > 45; 
e. a= Las; L > 33. 

It may here be mentioned that in a series of 100 white fetuses the 
author (1926) found the right humerus longer than the left in 52 per 
cent of the cases, the reversed relation in 21 per cent of the cases, and 
symmetry (measuring to one tenth of a millimeter) in the remaining 
27 per cent of the cases. Even in early development, therefore, human 
asymmetries of the upper extremities are more frequently in favor of 
the right than the left side. 

The percentage frequencies and distribution of asymmetries of the 
lower extremities among the human races studied are listed in Table 
15. Again it is possible to give some supplementary data for whites 
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TABLE 15 


Percentage distribution of asymmetries in the lower extremities 
of human races 


























FEMUR TIBIA FEMUR + TIBIA 
RACE AND SEX t> rai. L> > r=i. L> n> rai. L> 
White @ ........ 28 20 52 47 12 4! 38 9 53 
eet B ocesiavns 31 24 45 4! 12 47 39 3 58 
SS er 35 12 53 45 16 39 43 3 54 
ee. Bon ccccee 36 15 49 37 19 44 40 6 54 
Eskimo @ ....... 33 15 52 33 12 55 42 7 51 
Eskimo @ ....... 41 14 45 39 20 «=«4I 47 10 
aa 27 20 53 40 20 40 40 2 
Scouse 42 13 45 39 14 47 46 8 46 
Chinese $2 ..... 34 10 56 32 7 61 32 12 56 
Australian ¢@ .. 17 33 50 25 oO 75 25 °o 75 





and Negroes (Table 16), derived from former observations by the 
author made in the course of studies on the relative position of certain 
muscle insertions in dissecting room material. In the lower extremities 
asymmetries favor more frequently the left than the right side in all the 
groups and both sexes, with the exception of the tibia of male Negroes 
(Table 16). This preponderance of one side is not nearly as marked 
in the lower extremities (in favor of the left) as it is in the upper ex- 
tremities (in favor of the right). 

A consistent sex difference in the frequency with which one side 
is favored by asymmetries of the lower extremities exists only in regard 
to the femur, since it is shown by Table 15 that the left femur sur- 
passes the right in length more frequently in males than in females in 
whites, Negroes, Eskimos, and Indians. The various races are re- 
markably similar in regard to the distribution of the asymmetries in 
the lower extremities, if one disregards the small series of Australians. 
The length of femur + tibia is longer on the left in 53 per cent of male 
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TABLE 16 


Distribution of asymmetries in the femora and tibiae of whites and 
Negroes according to the combined data from the present series 
and from an as yet unpublished, previous investigation 


by the author 























RACEANDSEX SOURCE FEMUR TIBIA 

Total r.> r.=L L> Total r.> r.=—=bL L> 

Witte @ .... a= 121 34 24 63 118 56 14 48 
series 

White @ .... Previous 13 6 22 41 12 I 28 
series 

White 2 Combined... 162 47 30 85 159 68 15 76 

Percentage 29 19 52 43 9 48 

White ¢ .... Present 110 34 26 50 110 45 13 52 
series 

White @ .... Previous 9 2 2 5 9 4 3 2 
series 

White 2 Combined... 119 36 28 55 119 49 16 54 

Percentage 30 2 46 41 14 45 

Nant..." -m-2eox«s*seme ns - 2 
series 

Negro 3 .... Previous = 46 Sag a sae 3603 6 Ww 
series 

Negro 2 Combined... 158 62 19 77 157 67 26 64 

Percentage 39 12 49 43 16 «41 

Negro 9 .... Present “Se FS Pe Se Che eae 
series 

previous 
° 

Negro @ .... gastos 17 7 10 17 5 I I! 

Negro 2 Combined... 128 47 17 64 126 45 22 59 

Percentage 37 18 50 36 17 47 
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whites. This is practically identical with the finding by Hasse and 
Dehner (1893) that among 5141 German soldiers the left leg surpassed 
the right in length in 52 per cent of the cases. The writer’s results agree 
also very closely with those of Garson (1879), who records that in 70 
skeletons the femur +- tibia was longer on the left in 54.3 per cent and 
longer on the right in 35.8 per cent of the cases. In a series of 124 
Allamannic skeletons from Switzerland Schwerz (1912) found the 
left femur to be longer in 52 per cent of the cases and the right femur 
to be longer in 31 per cent. For the tibia his results agree less closely 
with those of the writer since the left tibia was longer in 63 per cent and 
the right longer in only 26 per cent of 115 Allamannic skeletons. 

The percentage distribution of asymmetries in the lengths of the 
clavicles in different human races is shown in Table 17. In all the 
racial groups (except the few Australians) and in both sexes asymme- 
tries favoring the left bone are much more frequent than those favoring 
the right bone. This contrast is particularly striking in Eskimos and 


TABLE 17 


Percentage distribution of asymmetries in the clavicles of human races 























CLAVICLE 

RACE AND SEX r.> ei. > 
aa 27 15 58 
WE EE sescnussuge 28 13 59 
WE SE Kcacacsemns 25 15 60 
SS OE ani caeeneess 30 15 55 
RET EE Sescessves 12 14 74 
TP nwasdensne 13 13 74 
apes 27 10 63 
i Pees 2 26 20 54 
Chiesa @@ 255.5205 17 3 80 





Australian $92 ...... 57 rs) 43 
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Chinese. That the left clavicle surpasses the right in length is the 
general rule in man according to the authors quoted by Martin (1928). 
Terry (1932) also obtained larger averages for the length of the left 
than for that of the right clavicle in male and female Negroes and in 
male whites. These results are rather surprising in view of the fact 
that it is the right half of the thorax which is the larger (Gaupp, 1909 
and others), and that the right arm is usually the longer and stronger 
one. 

The occurrence and distribution of asymmetries in the limb bones 
of adult anthropoid apes has been reported by several authors* whose data 
are included in Table 18. The combined data, available so far for com- 
parisons between man and other primates, are listed in Tables 19 to 25 
and are shown diagrammatically in Fig. 6. Since no significant sex 
difference in the distribution of asymmetries could be found in any 
of the apes or in the macaque, the two sexes have been combined in all 
these tables. For these general comparisons racial differences in man 
have been disregarded and the entire material of human skeletons has 
been dealt with as only one series. Similarly, all the species of the 
family Hylobatidae and of the genus Pithecus and of the genus Gorilla 
have been combined into single series each. 

From Tables 19 to 25 as well as from Fig. 6 it is evident first of all 
that, in general, cases of symmetry are rarer in man than in the other 
primates. The humeri, e.g. are symmetrical in only 9 per cent of the 
cases in man, whereas in 13 to 16 per cent in the great apes, in 22 per 
cent in Hylobatidae, and in 29 per cent in macaques. 

The bones of the upper extremities are most commonly longer on the 
right in man, as has been demonstrated above. In none of the other 
primates is there anywhere near such a preponderance of asymmetries 
favoring one side, as exists in man. The bones of the left arm are 
somewhat more frequently the longer ones than those of the right arm in 
gorillas and in chimpanzees. The differences between the frequencies 


*As stated by Gaupp (1909), Rollet (whose paper the writer was unable 
to examine) found in a series of “42 anthropoids” the right humerus longer in 
5 cases, the left longer in 27 cases, and both humeri equally long in 10 cases. 
Unfortunately it was impossible to learn the genera and the ages of these anthro- 
poids. Guldberg (1897) examined the skeletons of 4 orang-utans and 1 gibbon 
for asymmetries and merely states that among the former the right side pre- 
dominated in 2 cases, the left in 1 case, and in the fourth case the left upper and 
the right lower extremity were the longer ones; in the gibbon the asymmetries 
favored the right extremities. 
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R>= L> R>= L> R>= L> RD>= L> R> = L> R= L> RD = LD 
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Fic. 6. DIaAGRAMMATIC REPRESENTATION OF THE PERCENTAGE FREQUENCIES OF 
ASYMMETRIES IN THE Limp Bones AND CLAVICLES IN THE ENTIRE MATERIAL 
or Aputt Primates Listep tn TABLES 19, 20, 21, 22, 23, 24, and 25 


The black columns underneath “R>” represent the relative numbers of the 
cases in which the right bone surpassed the left one in length. In the same 
way “L>” indicates asymmetries in favor of the left side. Symmetry is marked 
by an = sign. The figures above each diagram show the numbers of skeletons 
used for the construction of the particular frequency polygon. 
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TABLE 19 


Percentage distribution of asymmetries in the humerus of adult primates 


(The values for the anthropoid apes include the data from the 
literature, listed in Table 18.) 














PRIMATE HUMERUS 

(both sexes) Total r.> r.==1., > 

ee Ge Mi rebcbacaddcvece 735 69 9 22 
Gorilla (all species) ............. 148 36 16 48 
CORMIIEMIIES 0.0 cdccvcccncccssnccocs 101 37 15 48 
alk 0 45ssssceddabven 70 58 13 29 
Hylobatidae (all species)........ 41 46 22 32 
Macaque (all species)........... 104 37 29 34 

TABLE 20 


Percentage distribution of asymmetries in the radius of adult primates 


(The values for the anthropoid apes include the data from the literature, 
listed in Table 18.) 











PRIMATE RADIUS 

(both sexes) Total ae er. =aL, l.> 

ee ee Gis on bcc cesckveses 737 69 13 18 
Gorilla (all species) ............. 147 36 18 46 
GH csddcoccccsevecsasees 98 29 24 47 
QUE 0.0 cdi cccccccscesssese 70 57 9 34 
Hylobatidae (all species)........ 43 51 9 40 
Macaque (all species)........... 104 36 25 39 
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TABLE 21 


Percentage distribution of asymmetries in the combined length of 
humerus and radius of adult primates 














PRIMATE HUMERUS -+ RADIUS 
(both sexes) Total > e. seh lL> 
ee FO ae ere 722 78 4 18 
Gorilla (all species)............. 119 39 8 53 
ee ee 74 41 9 50 
NS ee ee 46 59 6 35 
Hylobatidae (all species)........ 21 33 10 57 
Macaque (all species)........... 103 40 15 45 
TABLE 22 


Percentage distribution of asymmetries in the femur of adult primates 


(The values for the anthropoid apes include the data from the literature, 


listed in Table 18.) 











PRIMATE FEMUR 
(both sexes) Total :.> c. seh L> 
Oe eee ea 744 33 17 50 
Gorilla (all species)............. 160 43 19 38 
I ia, pate wepica niin atk 99 34 19 47 
Ly iniccé a oneckdcmr ene 72 46 25 29 
Hylobatidae (all species)........ 42 43 24 33 


Macaque (all species)........... 102 33 19 48 
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TABLE 23 


Percentage distribution of asymmetries in the tibia of adult primates 


(The values for the anthropoid apes include the data from the literature, 
listed in Table 18.) 














PRIMATE TIBIA 

(both sexes) Total r.> re, =], i> 

RR, Bet re cua 734 40 15 45 
Gorilla (all species)............. 147 39 22 39 
GI pcr ves wcccneweneueen 96 39 24 37 
I int cceenxcgnnkaens 67 37 23 40 
Hylobatidae (all species)........ 43 35 28 37 
Macaque (all species)........... 105 51 21 28 

TABLE 24 


Percentage distribution of asymmetries in the combined length of femur 
and tibia of adult primates 











PRIMATE FEMUR + TIBIA 
(both sexes) Total :. > et > 
Mom Go} ‘ented hie NG. i 727 4! 5 54 
Gorilla (all species)............ 125 51 II 38 
FE re ae ee ae ae 74 41 4 55 
Quai vc. cbc ti cesar eds 45 44 16 40 
Hylobatidae (all species)........ 20 50 10 


40 
Macaque (all species)........... 102 49 13 38 
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for the left and the right sides amount to only 11—18 per cent, whereas 
in man they are 47—6o per cent. In the orang-utan asymmetries of the 
arm favor most frequently the right side, as in man, but this inequality: is 
not nearly as pronounced in the former as in the latter. In the compara- 
tively small, combined series of gibbons and siamangs the conditions are 
not clear. In the macaque, finally, asymmetries favor both sides with 
practically equal frequency and this in the humerus, the radius and the 
combined length of the two. In all these groups of primates symmetry 
occurs more rarely in the total arm length than in the humerus or radius 
alone and the preference of asymmetries for one side is more marked 
in the former than in the latter. 

In regard to asymmetries of the lower extremities man does not 
differ essentially from the other primates, as he does in regard to 
asymmetries of the upper extremities. The bones of the left lower 
extremities are somewhat more frequently the longer ones than those 
of the right lower extremities not only in man, but also in the chim- 
panzee (with the exception of the tibia). Indeed, the combined length 
of femur and tibia is longer in the left than in the right extremity in 
14 per cent more of the cases than the reversed relation in chimpanzees, 
whereas in only 13 per cent in the series for man. Regarding the femur 
and the total length of the lower extremity asymmetries favor the right 
side slightly more frequently than the left in gorillas, orang-utans and 
Hylobatidae. Asymmetries in the tibiae show as a rule decidedly less 
preference of one side over the other than do asymmetries in the femora 
and in the total lengths of the lower limbs. As in the upper extremity, 
so in the lower one it is found that symmetry is rarer and asymmetries 
favoring one side are usually more frequent in the combined length of 
the two bones than in each segment alone. 

According to the 36 diagrams for asymmetries of limb bones of the 
six groups of primates shown in Fig. 6, asymmetries in favor of the 
right side are more frequent than those in favor of the left in 18 in- 
stances, the reversed relation occurs in 17 instances, and once there exists 
no difference in the frequencies of both sides. Primates, therefore, 
differ in this respect from ungulates and rodents in which, as far as 
known, the left long bones of the limbs are the longer ones in the great 
majority of the cases (Weber, 1903, and Latimer and Riley, 1934). 

The distribution of asymmetries in the lengths of the clavicles of 
man and other primates is shown by the data in Table 25 which served 
for the construction of the corresponding diagrams in Fig. 6. As in 
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TABLE 25 


Percentage distribution of asymmetries in the clavicle of adult primates 











PRIMATE CLAVICLE 

(both sexes) Total .> s. =}, L> 
ek 8 re cr 609 25 14 61 
Gorilla (all species)............. 106 44 12 44 
ND 5. cdnckn cides estan 67 45 13 42 
eS eee a 45 44 18 38 
Hylobatidae (all species)........ 17 47 18 35 
Macaque (all species)........... 95 40 26 34 





regard to the asymmetries of the upper extremities man differs from 
other primates in regard to the asymmetries of the clavicles since only 
in man is there a decided preponderance of asymmetries favoring one 
side. The differences between the frequencies of “right clavicles longer” 
and of “left clavicles longer” in Table 25 amount to 36 per cent in man, 
whereas to only 0 to 6 per cent in the great apes and the macaque. The 
corresponding data in the Hylobatidae are too scanty to be reliable and 
have been recorded merely in the hope that they will be added to in the 
future. 


THE ABSOLUTE AND RELATIVE AMOUNT OF ASYMMETRY 


In the study of asymmetries it is of interest to learn not only which 
side is the larger of the two, but also how much the two sides differ 
from one another in length. The data in Table 26 give an initial answer 
to the latter question, using as examples the lengths of the humerus and 
of the femur. In these average absolute differences between the corres- 
ponding dimensions on the two sides of the body, individual cases of 
(practical) symmetry figured as 0. In adult man the two humeri differ 
in length on a general average for 4.1 mm., whereas the femora for 
only 2.5 mm. This is surprising and very significant in view of the 
fact that in man the femora are always longer that the humeri. In the 
macaque in which, as in man, the femora surpass the humeri in length 
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TABLE 26 


Average absolute asymmetries (including cases of symmetry) in milli- 
meters for the length of the humerus and the length of the femur 








HUMAN RACE & SEX  HUMERUS FEMUR PRIMATE & SEX HUMERUS FEMUR 
me MP aa kb beens 3.6 28 EEE eases eas 28 3.0 
_. 2 ieee 4.0 2.2 ee:  . ccvesees 2.5 1.6 
ge re a 3.7 3.0 Chimpanzee ¢ .... 2.4 18 
i epee 3.0 2.4 Chimpanzee @ .... 23 2.0 
|? eee 4.1 2.5 Orang-utan ¢@ ..... 2.4 2.0 
rr cogecews 6.3 2.1 Orang-utan @ ..... 2.6 1.5 
eS 0 hapa Gar oe 4.9 2.6 Average of 

aaa 4.7 2.6 large apes ..... 2.5 2.0 
Chinese  @ ...... 28 2.5 Hylobatidae $ Q@ .. 1.6 1.6 
Australian @ 2 .. 3.6 2.1 Macaque $ @ ..... 0.8 1.0 
Average of man .... 41 2.5 





the average absolute asymmetry of the femora is somewhat greater than 
that of the humeri, as might have been expected. In the great apes it 
is the humerus which usually exceeds the femur in length and in these 
primates the average asymmetry is correspondingly somewhat greater 
in the humerus than in the femur. In spite of the fact that male gorillas 
and male orang-utans have much longer humeri than adult man (see 
Table 5), the average asymmetry of the humeri amounts to 2.8 and 2.4 
mm. respectively in the former, whereas to 4.1 mm. in the latter. Even 
though the femora of man are very considerably longer than the femora 
of the great apes, the average asymmetry in these bones is only 0.5 mm. 
greater in the former than in the latter. Man, therefore, appears out- 
standing among primates in possessing by far the most asymmetrical 
humeri. The absolute asymmetries, being influenced by the general 
size of the bones, are less useful in elucidating these problems than the 
relative asymmetries which express the difference between the right and 
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left sides in percentage of the smaller of the two measurements (cases of 
symmetry being recorded as equal 0). 

The averages of these relative asymmetries in the different races and 
the two sexes of man are listed in Table 27. In individual cases the 
relative asymmetries of human bones, to all appearance perfectly normal, 
can amount to as much as 7.1 (humeri of a male Negro) or even 9.6 
(clavicles of a male white). The averages of the percentage asym- 
metries are in general very similar in the different racial groups and in 
both sexes, only the female Eskimos stand out by having exceptionally 
high values. From Table 27 it is evident that some of the various bones 
differ considerably in all races in regard to their average relative asym- 
metries. This is most clearly shown by the averages of all the relative 
asymmetries for each bone in the entire series of human skeletons. 


TABLE 27 


Averages of percentage asymmetries (larger measurement minus smaller 
measurement in percentage of smaller measurement, including 
cases of symmetry) in human races 








HUMERUS FEMUR MEAN OF 
RACE & SEX HUMERUS RADIUS FEMUR TIBIA CLAVICLE FIGURES 

+ RADIUS + TIBIA ON LEFT 
White ¢@ L.1I 1.16 1.06 0.64 0.75 0.51 2.11 1.05 


White 9 1.37 1.48 1.34 0.55 0.86 0.57 2.11 1.18 





Negro @ 1.11 1.05 0.93 0.67 0.67 0.56 2.08 1.01 
Negro @ 0.98 1.29 0.95 0.58 0.69 0.54 1.92 0.99 





Eskimo ¢ 1.34 1.10 1.07 0.61 0.80 0.56 2.53 1.14 
Eskimo Q 2.26 1.34 1.75 0.56 1.04 0.60 2.37 1.42 





Indian @ 1.52 0.91 1.10 0.59 0.63 0.43 2.14 1.04 
Indian 9 1.60 1.16 1.31 0.67 0.72 °& 0.52 2.00 1.14 





Chinese 2 2 0.92 1.07 0.92 0.64 0.69 0.50 2.95 1.10 





Austra- 
lian 2 Q 1.18 1.92 1.03 0.52 048 0.38 2.43 1.18 
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These amount to 1.28 for the humerus, 1.20 for the radius, 1.12 for 
humerus -+- radius, 0.61 for the femur, 0.75 for the tibia, 0.54 for 
femur -+- tibia, and 2.16 for the clavicle. The clavicles, therefore, are 
in general much more asymmetrical than the bones of the upper extremi- 
ties and the latter are more asymmetrical than the bones of the lower 
extremities. That the lengths of the right and left clavicles differ con- 
siderably more from one another than the lengths of the right and left 
long bones of the limbs is true not only for man, but also for all the 
other primates in Table 28, as well as for platyrrhine monkeys (Schultz, 
1926). The general average for the relative asymmetry of the humeri 
of adult man (1.28) is practically the same as the average percentage 
difference between the lengths of the right and left humeri in a series of 
100 white fetuses which amounts to 1.30 (Schultz, 1926). This is 
very significant since it renders it most improbable that asymmetries 
become more pronounced with age or with the period of functioning of 
the bones. It may be mentioned here also that the author found an 
average percentage asymmetry in the lengths of the feet amounting to 
1.40 in the same series of white fetuses and to 1.11 in a series of 500 
white adults. 

The average relative asymmetries of man are compared with those 
of other primates in Table 28. It is seen first of all that, according to 
the arithmetic means of all the averages in each row, man is in general 
more asymmetrical than any of the apes. The mean of the average 
relative asymmetries of the various bones amounts to 1.09 in man, it is 
much lower and remarkably uniform in the anthropoid apes, equalling 
from 0.85 to 0.87, and it is lowest in the macaque, being only 0.72. This 
significant difference in the degrees of asymmetries between man and 
all the other primates does not exist in all the bones studied, but only in 
the clavicles and in the bones of the upper extremities, i.e. in precisely 
the same bones which have been found to differ strikingly between man 
and the apes regarding the distribution of asymmetries. As shown by 
the last two columns in Table 28, the mean of the three averages ap- 
pertaining to the upper extremity is on a general average practically the 
same as the mean of the three averages appertaining to the lower ex- 
tremity in the great apes and the macaque, whereas in man the former 
mean is nearly twice as large as the latter mean. In other words, the 
average degrees with which the lengths of corresponding limb bones 
are unequal on the two sides of the body are approximately the same in 
man and the apes in the case of the lower extremities, but in the case of 
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the upper extremities these degrees are much greater in man than in 
any of the other primates. It seems impossible at present to refer to 
any demonstrable cause for this interesting and definite finding. In 
view of his observations on asymmetries in human fetuses the author 
can not believe that the common preferential use of the right arm in man 
could be held directly responsible for the unique distribution and in- 
tensity of asymmetries in the human arms. To account for the latter in 
connection with “right-handedness” one would have to assume some 
sort of selection and hereditary fixation which had operated among 
random asymmetries or variations in two arms of man. Such a work- 
ing hypothesis does not appear very plausible in consideration of the fact 
that real “left-handedness” is much rarer in man than are asymmetries 
favoring the left arms. Furthermore, in a recent study Busse (1936) 
concludes that asymmetries of the human body (chiefly the head) are not 
hereditary. 


SUM MARY 


This paper is intended primarily as a record of new and uniform 
data bearing upon variability and asymmetries in higher primates for 
comparisons between man and apes. The records collected furnished 
also information on the absolute size and on some proportions of the 
chief long bones of the limbs, on sex differences in size in apes and man, 
on the occurrence of septal apertures in the humeri examined, and on 
the frequency of old fractures in wild great apes. The data presented 
are based mostly on a total of 753 human skeletons, belonging to a 
variety of races, and a total of 530 simian skeletons, belonging to all 
genera of anthropoid apes and to macaques. The main results are 
briefly enumerated below: 

1. Old healed fractures of the long bones of the limbs and the 
clavicles are found in nine per cent of the skeletons of adult, wild 
great apes and occur most frequently in the humerus. 

2. Septal apertures in the humeri are more common in Negroes 
than in whites and more common in females than in males. Among 
the great apes these apertures are most frequent in orang-utans (over 
80 per cent of the cases) and least frequent in chimpanzees (26 to 33 
per cent). In Hylobatidae these apertures are extremely rare and in 
macaques they occur in only 4 to 10 per cent of the cases. 

3. The sex difference in size, as judged by the lengths of the 
humerus and the femur, is greatest in the gorilla, also very pronounced 
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in the orang-utan, considerably less marked in man, and least of all in 
chimpanzee and macaque. 

4. In man and macaque the femur is always longer than the hu- 
merus; in gorilla, orang-utan, siamang and gibbon the reversed relation 
exists in all cases. In 31 per cent of adult chimpanzees the femur is 
equally long or longer than the humerus. 

5. The claviculo-humeral index is on an average lower in whites 
and Negroes than in Eskimos, Indians and Chinese. In gorilla, chim- 
panzee, siamang, gibbon, and macaque this index is lower than in man. 
Only the orang-utan surpasses man in this respect. This proportion 
has higher averages in males than in females in all human races studied 
and in all apes, except the chimpanzee which shows no such sex 
difference. 

6. The intermembral index has significantly higher averages in 
males than in females in whites, Negroes, Eskimos, and Indians. In 
man this index lies always considerably below 100, whereas in the 
anthropoid apes without exception above 100. The intermembral index 
of the macaque lies between the indices of man on one side and of the 
anthropoids on the other side. 

7. The brachial index is higher in Negroes, Indians and Chinese 
than in whites and Eskimos and it is higher in males than in females 
in all human races in which both sexes could be studied. The range of 
variations of this index in man overlaps extensively with the corres- 
ponding range in gorilla. Rare minimal values in chimpanzees can 
equal exceptionally high values in man. All other apes have higher 
brachial indices than man. 

8. The crural index is much more uniform among the primates 
studied than the previous two indices. The proportionately shortest 
tibia is found in the gorilla. 

g. The claviculo-humeral index is by far the most variable propor- 
tion and the intermembral index the most constant one intragenerically 
in man, the great apes and the macaque. 


10. According to the arithmetic means of the variation coefficients 
for the six dimensions and proportions studied, there exist no significant 
race- or sex-differences in variability in man and the variability of the 
human races, taken singly, is approximately the same as that of the 
different apes. Man as a species and as one series containing many 
races can exceed some of the apes in regard to the total ranges of 
variations of the indices studied. 
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11. In all the human groups which were available asymmetries in 
the lengths of the humeri and the radii and in the added lengths of these 
two bones favor the right side in the great majority of the cases. Only 
in the humeri of male Negroes is this rule not very evident. Asym- 
metries in the upper extremities favoring the right side are more fre- 
quent in females than in males among whites, Negroes, Eskimos, and 
Indians. 

12. In the lower extremities asymmetries favor more frequently 
the left than the right side in all human races and both sexes, with the 
exception of the tibia of male Negroes. This preponderance of one side 
is not nearly as marked in the lower extremities as it is in the upper ones. 

13. Asymmetries in the lengths of the two clavicles favor the left 
much more frequently than the right in all human races. 

14. In comparing the distribution of asymmetries in man (as one 
series) with that in the apes and the macaque it is found first of all 
that, in general, cases of symmetry are rarer in the former than in the 
latter. Asymmetries in the bones of the upper extremities favor more 
frequently the right side than the left in orang-utan, as in man, and 
more frequently the left side than the right in gorilla and chimpanzee. 
The preference of asymmetries for one side is, however, not nearly as 
marked in the apes as it is in man. In the macaque asymmetries favor 
both sides with practically the same frequency. In all the primates 
studied asymmetries show a greater preference of one side over the 
other in the case of the combined length of humerus and radius than in 
the case of humerus length or radius length alone. 

15. In regard to asymmetries of the lower extremities man does 
not differ essentially from the other primates as he does in regard to 
asymmetries of the upper extremities, since in all primates there is 
comparatively little preference of one lower extremity over the other. 
In chimpanzee, as in man, asymmetries tend to favor the bones of the 
left lower extremity more frequently than those of the right. In gorilla 
and orang-utan the opposite condition prevails. Asymmetries of the 
tibiae show as a rule decidedly less preference of one side over the 
other than do asymmetries in the femora and in the total skeletal lengths 
of the lower limbs. 

16. Asymmetries in the lengths of the clavicles favor both sides 
with practically equal frequency in gorilla and chimpanzee and the right 
side slightly more frequently than the left in orang-utan, Hylobatidae, 
and the macaque. This contrasts strikingly with the conditions in man 
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in whom the left clavicles are the longer ones in 61 per cent, whereas 
the opposite in only 25 per cent of the cases. 

17. On a general average (including all cases of symmetry) the 
lengths of the two humeri differ in man for 4.1 mm. and the lengths of 
the two femora much less, namely for only 2.5 mm. In the great apes 
the corresponding figures are much more alike, i.e. 2.5 and 2.0 mm. 

18. The relative asymmetries (difference between right and left 
lengths in percentage of smaller measurement) are much more pro- 
nounced in the clavicles than in the long bones of the limbs and are 
somewhat greater in the single long bones than in the added lengths of 
humerus and radius or of femur and tibia. 

19. The average relative asymmetries of the clavicles, the humeri, 
the radii, and the added lengths of the latter two are much higher in 
man than in any of the other primates studied, but the average relative 
asymmetries of the femora, tibiae and added lengths of these two bones 
are practically the same in man as in the apes and monkeys. 

It has been possible to demonstrate conclusively that man differs 
strikingly from apes and monkeys in regard to both the percentage 
distribution and the relative amount of asymmetries of the clavicles and 
the long bones of the upper extremities ; and that man and other primates 
are practically alike in regard to the degree of asymmetries and the 
difference in the preference of asymmetries for the two sides in the 
long bones of the lower extremities. 
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TWINNING IN STUTTERING FAMILIES 


BY MILDRED FREBURG BERRY 
Rockford College 








MOR many years stuttering was regarded purely as a psycho- 
=|) social phenomenon. There grew up around it a complex 
a | =| therapy with roots, curiously enough, in such unneighborly 
(<==) soils as Freudianism and elocution. As workers studied 
the stuttering child more carefully however, and found him apparently 
normal in all adjustments except speech, the charge of psychic morbidity 
found itself on shifting sands. If it had any place at all in the stuttering 
picture its relegated position was one of effect rather than cause. 
Attention shifted to more elusive but more basic physiological con- 
siderations. Certainly, the scholar argued, a disorder so tenacious in 
its hold must be implanted in an endocrine, or neurological, or hemato- 
respiratory imbalance. Valuable contributions suggesting such a distur- 
bance have been made in this field. The evidence still is inconclusive. 
The present research shifts the angle of the perspective again, but 
this time in the same general direction. ‘ The inheritance of stuttering 
has been postulated for a number of years. Boome and Richardson? 
quote Denhardt for their statement that in the London Centres for 
Stammering Children, 78 per cent of the stammerers possessed a stam- 
mering heritage. In a careful study made at the University of Wiscon- 
sin? of 127 families of stutterers and 127 families of non-stutterers, 
it was revealed that among the stutterers 71.7 per cent showed some 
incidence of stuttering in the family background whereas in the families 
of 127 non-stutterers, 14.1 per cent showed some incidence of stuttering. 
The implication that an hereditary sub-soil obtains receives support 
from our recent study of stuttering. From our observations we are 
lead to believe that: (1) There is a tendency for twinning to occur more 


*Boome, E. J. and Richardson, M. A. The Nature and Treatment of 
Stammering. p. 202. E. P. Dutton and Co. 1932. 

*Wepman, J. M. Is Stuttering Inherited? M. A. Thesis, University of 
Wisconsin, 1934. 
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frequently in families containing stutterers than in families composed 
of non-stutterers, (2) In stuttering families containing both twins 
and single siblings, stuttering is more frequent among the twins than 
the single siblings. Our observations originally were based on the 
study of the medical and family records of 500 stuttering and 500 non- 
stuttering children. Because certain records of the stutterers were 
deemed incomplete from a medical point of view, 39 cases finally were 
discarded. The final comparisons, therefore, were made on 461 stutter- 
ing children and 500 non-stuttering children. The findings were inci- 
dental in a comprehensive project to determine whether stuttering is 
a sequela of any disease or group of diseases. The medical records were 
secured through the cooperation of four Chicago Hospitals: Billings and 
Bobs Roberts Hospital, Children’s Memorial Hospital, Rush Medical 
Clinic, and Michael Reese Hospital. In securing the records of a 
control group of children entered for routine pediatric care, the co- 
operation of the Illinois Institute for Juvenile Research, Elizabeth 
McCormick Fund, Jewish Home Finding Society, Chicago Orphans 
Asylum, and the Illinois Children’s Home and Aid Society was of 
material assistance. The family record filled out on the admission of 
the ehild to the clinic or hospital probably is more accurate than the 
usual social history inasmuch as it included the birth order, still births 
and miscarriages. 

A forword to the tables which present the salient data will add to 
their comprehensibility. It should be noted, first of all, that there is 
only one basis of selection of the groups which enters into this com- 
parison. The children in the control group were chosen because there 
was no stuttering present in the child or in the family as far as it 
could be learned. The comparison, therefore, is between stutterers and 
non-stutterers. Secondly, the twin may or may not have been a stut- 
terer. Hence, there are two columns in Table 1, listing first the twins, 
one or both of whom stutter, and secondly, the twins who do not stutter 
but who are brothers or sisters of our propositus, a stutterer. Likewise 
in the control group there are two columns. In the first column are 
listed the twins, one or both of whom were propositi in our study. In 
the second column the twins who were brothers or sisters of our pro- 
positus are listed. 

In the 461 families of stutterers there are 1628 children. Thirty of 
these families have one pair of twins each. One family has two pairs 
of twins and no single births. There are 430 families with single births 
only. In the twenty families containing one pair of twins, and one or 
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both of whom stuttered, there were 60 siblings, of whom 3 stuttered. 
In the 10 families containing 1 pair of twins, and neither of whom 
stuttered, there were 39 single siblings, of whom ten stuttered. 

It was impossible to determine whether the twins were monozygotic 
or dizygotic. In three instances, the hospital record specified that the 
cases were monozygotic, but inasmuch as these statements did not 
come from the hospital where the twins were delivered, it cannot be 
considered a verified record. It is interesting to note in passing that 
in two of the three cases both members of the pair stuttered. If we 
accept the ratio 1:3 set by Duncker in 1915° and reiterated by Hamlett* 
in 1935, eleven pairs should be monozygotic, 


TABLE 1 


Twinning in stuttering and non-stuttering families 














twins (one or both A. STUTTERERS’ GROUP (461) 
propositi) Non-stuttering twins Total no. Total no. 
siblings 
in family 
FF 5 FF 3 
MM 12 MM 6 
MF 4 MF 2 32 1628 
B. CONTROL GROUP (500) 
TWINS (one or both Twins in family Total no. Total no. 
propositi) (brother or sister of twin siblings 
the propositus) pairs in family 
FF 2 FF 2 
MM 4 MM 4 
MF o MF 3 15 1657 





*Duncker, G. Die Frequenzverteilung des Geschlechts-Kombinationen bei 
Mehrlingsgeburten des Menschen und des Schweins. Biol. Zentralblatt: 35: 
506-39. 1915. 

‘Hamlett, G. W. D. Human twinning in the United States; Racial frequencies, 
sex ratios and geographical variations. Genetics: 20 (3): 250-58. 1935. 
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TABLE 2 


Comparison of ratios: twins to single births in stuttering 
and non-stuttering families 





Stutterers’ group Control group 
- 50.8 $3 110.4 





TABLE 3 


Stuttering in families containing both twins and single siblings 
(Note: 5 twin children died before the onset of speech. 2 pairs of twins 
have no single siblings in the family) 





Twin Children Single Children 
Total no. of families No. No. who stutter No. No. who stutter 
30 55 22 99 13 





From Table 2, it is evident that the ratio of plural to single births 
in the stuttering group is twice as high as that for the control group. 
Although no comparison can be made because of the inequality in the 
size of the two groups, it should be noted that in Zeleny’s® interpretation 
of the birth statistics in 1917 the ratio of plural to single births is 1 :93.1. 
Hamlett® who made a similar analysis of 18,000,000 births reported 
by the Census Bureau in 1933 found the ratio of plural to single births 
to be 1 :87.3. 

To measure the reliability of our observation that twinning is more 
frequent in stuttering families than in non-stuttering families we have 
applied Pearson’s chi-square test.’ The chi-square value of 6.55, gives 
a probability of 0.01 which denotes a statistically significant deviation. 

Table 3 embraces the material from which we conclude that in 
families containing twins and single siblings stuttering is more frequent 
among the twins than among the single siblings. The chi-square value 


*Zeleny, Charles. The relative number of twins and triplets. Science: 53: 
no. 1368: 262-63. March 18, rg21. 

* Hamlett, G. W. D. Human twinning in the United States: Racial frequencies, 
sex ratios and geographical variations. Genetics: 20 (3): 250-58. 1935. 

*Formula found in Fisher, R. A. Statistical Methods for Research Workers. 
pp. 75-98. 4th edition. Oliver and Boyd, London. 1932. 
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is 8.75. The chances that a table would have a chi-square value as 
large or larger than the one exhibited, by pure accident, are between 
three and four in one thousand. 

In order to evaluate the place of twinning in the etiology of stuttering 
it is necessary to bring together the heritable factors which have been 
associated with multiple births and with stuttering. A review of the 
research on these two phenomena may prove tedious to the reader but 
it is essential for the establishment of a common denominator, even 
though it be a hypothetical one. 


TWINNING 


The three possible types of twins are familiar to every biologist: 
(1) The cleavage of an ovum fertilized by one spermatozoon (mono- 
zygotic or identical twins) ; (2) Two ova fertilized by two spermatozoa 
(dizygotic or fraternal twins); and (3) An ovum divided into two 
identical portions (or a definitive ovum and its second polar body) 
and fertilized by different spermatozoa. 

According to Hamlett® identical twins in the United States form 
33 per cent of the total in whites, but less than 29 per cent in 
Negroes. Duncker® estimates from his study of 1000 twins and 1000 
triplets that one third of all twins and one fourth of all triplets are 
monozygotic. 

The secondary sex ratio approaches parity. In 1933 in the United 
States there were born 8,421 pairs of male twins, 8,098 pairs of female 
twins, and 8,471 pairs of opposite-sex twins.’° Although the presence 
of a common chorion for the two fetuses is fairly reliable clinical 
evidence for monozygotic twinning, hospital records still do not specify 
the type, and consequently, there is no infallible way of determining 
what proportion of the multiple births in 1933 was monozygotic. Both 
types of twinning probably are far more common than the birth 
statistics indicate. 

How is twinning produced? The answer to this question is theoretical. 
There now are two modes of emphasis. Newman and Stockard stress 
the physiological factors in twinning. Davenport, Danforth, Dahlberg, 
Greulich and Hamlett place great emphasis upon the rdle of heredity. 


*Hamlett, G. W. D. op. cit. pp. 250-58. 1935. 

*Duncker, O. of. cit. pp. 506-39. 1015. 

* United States Department of Commerce, Bureau of the Census; 19th annual 
report. p. 132. 1933. 
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It is apparent that the two points of view are not inconsistent. Heri- 
table factors are expressed through physiological channels. Newman! 
through his research on multiple births in the armadillo, postulates that 
in man twinning may be caused by one of two physiological distur- 
bances: (1) understimulation of the egg, due to some defect in the 
development-initiating mechanism of the sperm, and (2) belated placen- 
tation. Newman™ states: “If the egg were retarded through insuf- 
ficient stimulation on the part of the sperm it would probably undergo 
bilateral fission, the consequences of which would depend upon the 
degree of retardation.” Stockard’* in 1921 carried this theory forward 
another step by attributing the “loss of dominance” of the original 
axiation to a deficiency in the oxygen supply during the free vesicle 
period (lack of connection with the uterine mucosa). 

Twinning also might be produced by “belated placentation, due to a 
failure of the corpus luteum to stimulate the uterine muscosa”. This 
condition, says Newman,'* “merely implies some physiological dis- 
coordination between the various intricately interdependent factors 
responsible for implantation of the ovum. The weakness of this view 
is that the same mechanism would presumably persist throughout the 
reproductive life of a given mother and she should always produce 
twins. Such a condition, however, does not prevail, for almost without 
exception mothers of one-egg twins have also single children. It is 
barely possible, however, that cases of single off-spring from parents 
exhibiting one-egg twinning are not true single off-spring but that each 
is the survivor of a pair of twins, one of which has succumbed to the 
ever-present hazards that prevail especially in connection with one egg 
twinning. On the whole this seems to be the least objectional causal 
theory of twinning in man.” 

At what stage the twinning impluse appears is not known but Arey™ 
states that “there is considerable evidence to support the belief that 
the twinning impulse occurs relatively late at about the moment of 


™ Newman, H. H. The Physiology of Twinning. pp. 133-34. University of 
Chicago Press. 1923. 

* Newman, H. H. ibid. p. 133. 

* Stockard, C. R. Developmental rate and structural expression: An experi- 
mental study of twins, ‘double monsters’ and single deformities, etc. American 
Journal of Anatomy: 28: 115-266. 10921. 

“ Newman, H. H. op. cit. pp. 133-34. 

* Arey, L. B. Developmental Anatomy. p. 163. W. B. Saunders Co., 
Philadelphia. 1934. 
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gastrulation, which in man corresponds to the formation of a primitive 
streak”. Hinrichs and Genther'* who produced twins in fundulus by 
exposure of the eggs to ultra violet radiation found that “the greatest 
percentage of twin formation occurred at times when the axial relations 
in the embryo are easily disturbed”. 

But despite the fact that Arey, Hinrichs and Genther lend support 
to Newman’s study, they do not deny the importance of inheritance. 
Hinrichs and Genther"’ state: “There appears to have been a primordial 
difference in the susceptibility of the egg protoplasm at the time of 
exposure or a latent period of activity of radiation effect, or both”. 
Arey"® calls attention to the fact that “in fishes separate embryonic axes, 
and hence two embryos, are obtainable experimentally through lowering 
the temperature or reducing the oxygen supply at a particular moment 
during development”. That separate axes may arise is not unreasonable, 
Arey believes, for “the periphery of the blastoderm possesses many 
potential points where an embryonic axis might arise. In ordinary 
single development one such growing point, apparently by virtue of 
some favorable positional advantage, gains the supremacy and sup- 
presses all other potential axes, just as the terminal bud does the lateral 
one in some plants. If, however, the developmental rate is slowed at 
the critical moment when the preferred axis is about to assert its dom- 
inance, this momentary advantage is lost and one or more neighboring 
points can then compete on more equal terms and may even assert 
themselves as additional embryonic axes.” Arey? recognizes that this 
process may itself be heritable: “In uniovular twins the egg may 
receive lethal factors incompatible with the completion of development. 
Theoretically it is possible that there may be some hereditary tendency, 
like a tardy preparation of the uterus for the reception of the embryo 
which leads to effective delays in implantation; of such factors nothing 
is known.” 

Jordan and Kindred” likewise recognize the inheritance of twinning : 
“A chemical factor in the sperm might be responsible for the disjunction 


** Hinrichs, Marie A. and Genther, Ida T. Ultra-violet radiation and the 
production of twins and double monsters. Physiological Zoology: 4; no. 3: 480. 
1931. 

* Hinrichs, Marie A. and Genther, Ida T. ibid. p. 465. 

* Arey, L. B. op. cit. p. 163. 

* Arey, L. B. op. cit. p. 166. 

* Jordan, H. E. and Kindred, J. E. A Text Book of Embryology. p. 526, 
D. Appleton and Co. 1932. 
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of the blastomeres or the fission of the later embryonic axis. There may 
be a factor of developmental arrest at critical stages in twin production: 
this factor could be inherited.” 

Newman's concept of the physiology of twinning has not met with 
general acceptance among geneticists. Davenport, Danforth, Dahlberg, 
Greulich, and Hamlett do not agree with Newman that environmental 
factors in embryo may be responsible for the production of twins. 
Hamlett" points out that polyembryony does not occur in other animals 
that have the quiescent state described by Newman in the armadillo, 
and that furthermore, there is no quiescent state in the human embryo. 
He sums up his position in these words: “There must be some inherent 
difference in the ova of the two species, controlled by some gene or 
set of genes. The physiology of twinning is not dependent upon ex- 
ternal factors of the environment; it is governed by intrinsic, hereditary 
potentialities of the fertilized ovum.” 

Danforth”? studied fifty families in which twins occurred. He 
found that fifty pairs of new born twins had 171 singly born brothers 
and sisters, a ratio of 1:18. Further, in respect to the mothers of these 
twins, their brothers and sisters numbered 319 single births and 10 
pairs of twins, a ratio of 1:32. Lastly, the fathers of the fifty pairs 
of twins had 210 brothers and sisters, born singly and 8 pairs of twin 
brothers and sisters, a ratio of 1:37. Danforth concludes that there 
is an hereditary tendency toward twinning. 

The results of Greulich’s investigation**® of 495 pairs of twins 
strengthen the claim of heredity. “It is concluded that the parents of 
our cases produce twins with a greater frequency than would be ex- 
pected if the trait was due to chance alone.” Greulich also denies 
assumptions which have been made by earlier writers: “Dizygotic 
twinning is not a sex-limited trait. The genotype of the father is 
as important as that of the mother for the production of this type of 
twin. It is not a sex-linked dominant. It is probably not a simple 
mendelian recessive. Dizygotic and monozygotic twinning are not 
different expressions of the same twinning tendency; on the contrary 
they seem to be phenomena quite distinct from each other.” 


“Hamlett, G. W. D. Polyembryony in the armadillo. Quarterly Review of 
Biology: 8: 358. 1933. 

"Danforth, C. H. Is twinning hereditary? Journal of Heredity; 7: 195-202. 
1916. 

*Greulich, W. W. Heredity in human twinning. American Journal of 
Physical Anthropology: 19: 409. 1934. 
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ay Dahlberg** would disagree with Greulich’s last sentence, for he 
n: believes that the two phenomena are very closely associated. Twin 
pregnancy, Dahlberg assumes, is caused by the presence of a “doubling 
ith tendency”, manifesting itself either before the reduction divisions, or 
‘g, after fertilization. In the former case the result will be follicles con- 
tal taining two or more ova, and after ovulation dizygotic or a higher 
1s. order of multiple pregnancy may obtain. In the second case mono- 
als zygotic twins, or triplets, are produced. Simultaneous bursting of two 
lo, follicles, however, may produce a dizygotic pregnancy. The observed 
/0. increase in the freqency of dizygotic twinning with increasing age of the 
nt mother possibly may be explained in this way. Johansson® reporting 
or Dahlberg’s hypothesis, concludes that “if this is the true explanation of 
X- the facts the mother who has a hereditary tendency to produce dizygotic 
ry twins should at the same time show a predisposition to produce mono- 
zygotic twins”. 
He These are the present day concepts of twinning. They are. not 
ors irreconcilable or basically inconsistent views. There is a strong argu- 
ose ment, for believing that in twinning heredity “pulls the long oar’”. 
10 Physiologists and psychologists have found twins a fascinating 
irs subject for study. Studies by Westergaarde,2* Wilson and Jones,?* 
rin Newman,** and Stocks*® give evidence that one member, at least, and 
Te possibly both members of the pair, begins life with a physical handi- 
cap. Merriman*® found “no evidence which warrants the assumption 
ins that twins are intellectually handicapped”. These studies are not re- 
of ported in detail because they bear only indirectly on the present problem. 
X- From the point of view of this study, perhaps the most thought- 
ies oniiemabeaaion 
tic “Dahlberg, G. Twin Births and Twins from a Hereditary Point of View. 
is pp. 266-96. Stockholm, 1926. 
of * Johansson, Ivar. The sex ratio and multiple births in cattle. Paper from 
ple the Department of Genetics; Agricultural Experiment Station, University of 
Wisconsin; no. 109. 1932. Also published by Zeitschrift fiir Ziichtung: B. 
ot Tiersiichtung und Ziichtungsbiologie. B. 24. Heft 2 S. 165-328 Bln. 1932. 
iry " Westergaarde, H. Zur Statistik der Mehrgeburten. Allg. stat. Arch. Bd. 2. 
S. 509. 1891-92. 
“Wilson, P. T. and Jones, H. E. A study of like-sexed twins. Human 
of Biology: 3: 107-32. 
* Newman, H. H. op. cit. p. 135-58. 
02. *Stocks, P. A biometric investigation of twins and their brothers and 
sisters. Annals of Eugenics: 5: 1-56. Jan. 1933. 
of * Merriman, Curtis. The intellectual resemblance of twins. Psych. Mono- 


graphs. 33: no. 5. 1924. 
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provoking contributions by psychologists have been the study of the 
language problems and of handedness of twins. 

In another section of this study (to be reported elsewhere) the 
stutterer was found to be seriously retarded in the initiation of speech 
and in the development of intelligible speech. In the light of this 
observation, it is most interesting that Dr. Dewey** reports in her 
book, Behavior Development in Infants, that “studies on twins seem 
to indicate that language development is retarded, probably because 
communication between them is socially satisfying at each developmental 
stage.” | Hirsch** describes an articulatory disorder in two pairs of 
twins in his study. On one pair he comments: “Lydia is left handed; 
Lauretta is right handed. Each has a slight impediment in her speech 
which makes it almost impossible for either of them to sound certain 
consonants, especially r. This, of course, makes them poor readers.” 
In a study of monozygotic triplets, Clarke and Revell** note that 
“Albert is right handed but Edward and George are left handed. Each 
of the boys enunciates words poorly.” 

In the study of left handedness in twins, the work of Lauterbach* 
and Hirsch* is representative of the conclusions of numerous students 
of the problem. 

After studying 240 pairs of twins, Lauterbach** concludes: “My 
data show that at least 19 per cent of all twin pairs are composed of 
a right and a left hander. Left-handedness is closely associated with 
twinning. This is evidenced by the large number of twins who are left 
handed, by a study of the genealogies of twin-bearing families, and by 
the circumstance of situs inversus viscerum among both twins and 
left-handed individuals. It may be that left-handedness and twinning 
are the result of identical or similar causes.” To substantiate this 
significant statement, Lauterbach** cites cases from which I have selected 


= Dewey, Evelyn. Behavior Development in Infants. p. 277. Columbia 
University Press. 1935. 

"Hirsch, N. Twins: Heredity and Environment. p. 111. Harvard University 
Press. 1930. 

™ Clarke, A. E. and Revell, D. C. Monozygotic triplets in man. Journal of 
Heredity 21: no. 4: 149. 1930. 

“Lauterbach, C. E. Studies in twin resemblance. Genetics: .10: 528-68. 
November 1925. 

* Hirsch, N. op. cit. 

* Lauterbach, C. E. op. cit. p. 567. 

* Lauterbach, C. E. op. cit. p. 538. 
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the following: “X, a right-handed female twin, married and gave birth 
to a girl with a crown which whorled to the left, who in turn gave 
birth to left-handed daughter. The daughter bore 7 children, four 
boys and three girls, of whom one boy is left-handed, and one has a 
double crown; and one girl is left-handed. Twin Y, the sister of X, 
bore a left-handed daughter.” 

There is another implication arising from Lauterbach’s study. It 
is the high sex ratio of left handedness, both in single births and in twins. 
It should be noted that the high sex ratio in stuttering has been estab- 
lished by a number of scholars. In our study of 500 stutterers, the 
ratio is 3.6 to 1. Dr. Robert West,* chairman of the White House 
Conference survey of disorders of speech, states: “The ratios of 
stuttering boys to girls above 36 months of age vary all the way from 
three over one to eight over one.” Lauterbach does not discuss the 
significance of the predominance of males but his figures and those of 
Jones are of great interest to us in view of the established high sex 
ratio among stutterers. Lauterbach*®® states: “Jones reports 4 per cent 
of the population as natively left-handed. It is interesting to note that 
of the total number of 793 left-handed individuals examined by Jones, 
498 are males and 295 are females, 63 per cent males, 37 per cent 
females. Of the 36 left-handed twins examined by myself, 23 or 58 
per cent are males; 17 or 42 per cent are females.” 

Hirsch* calls attention to the fact that “left-handedness is found 
in about 4 per cent of the population at large. Twins, it will be recalled, 
form less than 2 per cent of the general population”, yet Hirsch found 
among “58 pairs of dissimilar twins, I2 per cent with one left-handed 
member ; among 43 pairs of similar twins, 18 had left-handed members 
(42 per cent). The percentage of left-handed members of all ror pairs 
is 25 per cent. Left-handedness is six times as frequent among twins 
as in the population at large.” 

The essential argument for us is found in this summary by Hirsch*: 
“The tendency to twinning and the tendency to left-handedness have 
some causal association. Whether twinning tends to cause left-handed- 


“West, Robert. Disorders of Speech, Reading and Writing. Practice of 
Pediatrics. Vol. IV; chapter 14; p. 24. Brenneman, Joseph, ed. W. F. Prior 
and Co. Hagerstown. 1937. 

* Lauterbach, C. E. The Psychology of Twins. Doctoral dissertation, Uni- 
versity of Wisconsin. 1924. p. 40. 

“Hirsch, N. op. cit. p. 38. 

“ Hirsch, N. op. cit. p. 38. 
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ness, or vice versa, or both are conditioned by a common cause, is 
unknown. However, that these two tendencies are clearly found to- 
gether is undeniable.” 

The relatively high incidence of sinistrality in twins has given rise to 
several hypotheses. Lauterbach*? goes so far as to ask, “Is it not quite 
possible that we have in the left-handed individual of a single birth the 
surviving axis of a bi-axiate egg which might have produced twins had 
not one axis been suppressed,” Others have connected the sinistrality 
of twins with the phenomenon of situs inversus but the relationship is 
_not clear and, in any case, it cannot account for the large number of 
left handed twins. Newman* says on this point: “There is no reason 
to expect to find situs inversus except in double individuals derived from 
the antimeric halves of a single embryonic axis. In the case of two 
embryos derived from two embryonic shields, each of which has its own 
right and left hand sides, we see no reason in the world why there should 
be a reversal of the viscera. Each is from the beginning a separate in- 
dividual except that it happens to be on the same yolk sac as its twin 
partner. It would also be impossible to say which of such twins is the 
right hand and which is the left hand component.” 

It is not possible at the present time to offer a satisfactory explana- 
tion of the relationship between twinning and handedness. The only 
fact which has been safely established is that such a relationship does 
exist. 


LEFT HANDEDNESS 


The relationship between left handedness and twinning has been 
discussed in detail in the preceding section. On the connection between 
speech defects and left handedness, many contributions have been 
made. In 1911, Ballard** made a questionnaire study of 13,189 children 
and reported that stuttering was approximately four times more frequent 
among dextro-sinistrals (children naturally left-handed, who from early 
childhood had been trained to use the right hand) than among the rest of 
the children. 

In a survey of 89,057 pupils in the St. Louis public schools, Wallin® 


“Lauterbach, C. E. op. cit. p. 40. 

* Newman, H. H. op. cit. p. 172. 

“ Ballard, P. B. Sinistrality and speech. Journal of Experimental Pedagogy: 
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“Wallin, J. E. W. Studies of mental defects and handicaps. Miami Uni- 
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found that 2 per cent of the total school population were dextro- 
sinistrals, whereas 9.5 per cent of the stutterers were dextro-sinistrals. 

Milisen** reports from his study of 23 stutterers at the University 

of Iowa that 82 per cent recorded left handedness in their hereditary 
background, and of 28 former stutterers, 84 per cent reported am 
handedness in their hereditary background. 

Travis*? and colleagues at the University of Iowa originally 
maintained that many stuttering children were natively left handed but, 
through the pressure of a right handed society, had built up a “lead” 
in the originally non-dominant hemisphere. The conflict between the 
hemispheres for control of mid-line organs produced stuttering. Re- 
cently these workers have modified their original position to include the 
possibility that the stutterer’s difficulty is caused by a failure to es- 
tablish any unilateral dominance in the cerebral hemispheres. Travis** 
states: “In the stutterer, central nervous system organization is char- 
acterized by a high degree of ambilaterality, in contrast to the relatively 
high degree of unilaterality which characterizes central nervous system 
organization in the normal speaker.” Here he does not link ambila- 
terality with a post-natal shift in handedness. The position of Travis 
and co-workers has shifted, therefore, from an unqualified stand that 
the post-natal development of a cerebral conflict by a shift in handedness 
produced stuttering to the less spectacular and somewhat ambiguous 
view that the stutterer either develops or is born with a high degree of 
ambi-laterality. 

Quinan*® in a study of sinistrality and speech defects, published in 
1921, does not attempt to show any causal relationship. He observes 
that “as compared with dextrals, stammering occurs in sinistrals with a 
frequency from three to seven times greater”. It must be noted that 
Quinan is writing, not of sinistrals who have been shifted, but of pure 
sinistrals who as adults are left handed in all major activities. Quinan 
is linking stuttering with a native left handedness, not with a shift in 
handedness. 


* Milisen, R. A. A Comparative Study of Stutterers, Former Stutterers and 
Normal Speakers whose Handedness has been Changed. Thesis, University of 
Iowa. 1933. 

“Travis, L. E. Speech Pathology. D. Appleton and Co. 1931. 

“Travis. L. E. and Johnson, W. Stuttering and the concept of handedness. 
Psychological Review: 41: 55. 1934. 

“ Quinan, Clarence. Sinistrality in relation to high blood pressure, and defects 
of speech. Archives of Internal Medicine: 27: 255-61. February 1921. 
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Although the connection between stuttering or twinning and the 
experimental production of left handedness may seem remote, we wish 
to call attention in passing to the experiment performed on vitamin B 
depleted rats by Tsai and Maurer at the University of Chicago.®° 
Tsai and Maurer made the tests of handedness by putting the “animal in 
a wire cage with a small glass bottle of wheat embryo inserted through 
the wire bottom. The opening of the bottle was so small (three-fourths 
inch in diameter) that it permitted the rat to use only one hand at a 
time for grasping food out of the container. Two hundred and fifty 
observations were made on each animal.” One hundred and fifty-nine 
rats were so studied. Of this number, 105 were normal rats; 54 
were vitamin B depleted rats who suffered through the depletion 
of their mothers during the nursing period. Among the normal 
rats, 31 per cent of the males and 46 per cent of the females were 
found to be left handed. In the vitamin B depleted rats 50 per cent of 
the males and 57 per cent of the females were left handed. In view of 
our finding reported earlier in this paper that the stutterer, although 
exhibiting a normal intelligence quotient, is retarded in the initiation and 
development of speech, Tsai and Maurer’s concluding comment is in- 
triguing®': “Comparison of the results indicates that the percentage of 
left handedness is higher in the vitamin B depleted animals whose maze- 
learning ability was found to be much inferior to that of normal rats. 
These results do not necessitate the conclusion that the left handed are 
mentally inferior. They merely indicate that the percentage of left 
handedness is higher among poor learners, and that’s all.” 

The crucial question still to be answered is: How may the linkage 
between twinning and stuttering and handedness be interpreted ? 

The bulk of evidence presented here is in favor of the heritability of 
twinning. It may be assumed that left handedness is inherited. The 
present research strengthens the theory of the inheritance of stuttering. 
It would be easy enough to say that each phenomenon is inherited in- 
dependently, but this does not seem likely in view of the fact that these 
factors tend to appear together and to have properties in common. Left 
handedness and twinning and stuttering tend to occur together. Sinis- 
trality and stuttering both exhibit a high sex ratio. At first glance, one 
might say that the connection between twinning and stuttering is obvious. 


™ Tsai, Loh Seng and Maurer, Siegfried. Right handedness in white rats. 
Science (N. S.): 72: no. 1869: 436-38. October 24, 1930. 
= Tsai, Loh Seng and Maurer, Siegfried. op. cit. p. 438. 
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The member of the pair who natively should have been left handed has 
been forced to devolop dextrality; as a result of the dual dominance in 
the cerebral hemispheres there is a conflict for control of the speech 
organs. The child stutters. This theory is logical. The only difficulty 
is that it conflicts with the known facts. There are, for example, two 
pairs of male twins in the family of Number 53. (The younger pair, 
now 20 months old, has not developed speech.) Both of the older twins 
stutter, although No. 53 stutters more severely than his brother. Num- 
bers 74 and 75 are recorded as identical twins. No 74 is left handed in 
all activities; 75 is right handed in writing, sighting, batting a ball, in 
all activities except eating. Both stutter. Numbers 279 and 280 are 
recorded as identical twins. Both stutter-~The physician who delivered 
No. 459 noted in the record that the twins were monozygotic. No. 459 
who was delivered first, is left handed, stutters. His twin died at 
birth. No. 165 is a fraternal twin (MF); he is left handed in all 
activities; he stutters. His twin sister is right handed and developed 
normal speech at 18 months. When one remembers the pressure of a 
right handed society, it seems highly improbable that the twins who 
natively should be right handed are actually left handed. Yet if this 
evidence is to support the “hemispherical dominace” theory such an as- 
sumption would have to be made. 

It is to be regretted that only the history of the immediate family is 
recorded routinely, and only occasional references are made to grand- 
parents, uncles, aunts, and cousins. The medical records indicate, how- 
ever, that stuttering and left handedness tend to appear in the same 
family but that very often they do not reside in the same person, No. 
438 serves as an example: Two of the father’s sisters are left handed 
but they do not stutter. A third sister of the father of our patient is 
left handed and stutters. Her son stutters; her granddaughter is left 
handed but does not stutter. 

No. 36 is another stutterer. His paternal uncle stutters. The 
daughter of the paternal uncle is ambidextrous but does not stutter. No. 
77 stutters; his father is left handed but has never stuttered. 

In passing, it is interesting to note that No. 13, not a twin but a 
stutterer, has twin cousins who stutter. Although there are no twins 
in the immediate families of Nos. 111 and 371, the maternal grandmother 
of No. 111 bore three pairs of twins and one set of triplets; and the 
paternal grandmother of No. 371 bore two pairs of twins. The mother 
of No. 199, by her first marriage, bore four children, all single births. 
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None stuttered. By her second marriage she had one pair of twins and 
two single births. Both single siblings stuttered. 

Although these examples do not warrant a generalization, they 
contra-indicate the assumption that twinning per se produced stuttering, 
or that left handedness per se produced stuttering. 

The relationship between and among these factors is not obvious. 
In view of the established connection between left handedness and twin- 
ning, both hereditary phenomena, one is inclined to treat with skepti- 
cism any theory of stuttering based on a post-natal development of 
cerebral confusion through a change in native handedness. I repeat 
that left handedness and stuttering tend to appear together but no causal 
relationship between the two has been established, 

The results of this study indicate that twinning and stuttering also 
tend to appear together, but we have not explained the relationship. 
We can offer only a general hypothesis. Is it possible that the nervous 
dysfunction which obtains in stuttering is part and parcel of the same 
factor in the germ plasm responsible for multiple births? If the genetic 
complex is responsible for the retarded axiate growth at a critical 
moment in the embryo’s life, then it may be responsible at the same time 
for the retardation in the neural patterns necessary for integrated speech) 
To carry the argument further back, the factor in the germ plasm pro- 
ducing twins may be a gene establishing an abnormal biochemical re- 
lationship, favorable to the retardation of a single axiate production, un- 
favorable to normal speech. One cannot forget the thesis of an atypical 
metabolism in stutterers, a fact which Kopp® clearly illustrated. Men- 
tion was made earlier of the experimental production of twins in lower 
forms by the irradiation of ultra-violet light and of the experimental 
production of left handedness by a vitamin B depleted diet. Is it pos- 
sible that the genic force favorable to twinning and to stuttering may 
show itself in some process connected with vitamin metabolism? It is 
conceivable that the chemical imbalance might be sufficient to change the 
permeability of cell membranes and so alter healthy reception and 
conductivity. 

The theories just expressed may be reiterated for left handedness. 
Left handedness and twinning may be a part and parcel of the same 
basic phenomenon although they may have no direct effect on each 
other. Following Lauterbach’s reasoning, it may not be too far afield 


Kopp, George. Metabolic studies of stutterers. Speech Monographs: 1; 
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to suggest that many of the left handed stutterers may have lost their 
mates in utero; they were, in origin, twins. Biologists now are inclined 
to look upon autolysis of embryos as a common occurrence. 

If we pursued Newman’s line of reasoning we might argue that the 
interference with fetal circulation which may occur in twinning could 
affect both of the centers normally dominant in establishing handedness 
and speech. The brain stands oxygen loss badly. Neural tissue probably 
would be the first to suffer injury by any interference with normal 
nutrition. 

Now, what can be said for the high sex ratio in stuttering? Again, 
we must begin with a genetic background. Since left handedness also 
exhibits a high sex ratio, we must conclude that the factors responsible 
for both are present more frequently in males than in females. Those 
who accept Newman’s concept of the physiology of twinning may argue 
that males make higher metabolic demands in utero and consequently 
will suffer greater hazards with any atypical condition. Stuttering and 
left handedness, if they are to be linked with a defective metabolism, 
logically then should appear more frequently in males than in females. 
The high sex ratio of still births, and the estimated higher ratio of intre- 
uterine death in the early months of gestation lend support to the thesis 
of metabolic differences. The final argument leads us back, however, to 
genic factors. Riddle®* places the responsibility for the higher metabol- 
ism of the male on the deleterious Y chromosome. All in all, whatever 
theory one accepts, the final answer seems to reside in a genic 
constitution. 

Left handedness, twinning, stuttering, the high sex ratio: all may 
have a common denominator in heredity but a description of the heritable 
factor or factors cannot be given. 

No far flung generalization can be made on the basis of this study. 
We do not advance our thesis as the ultimate explanation of stuttering, 
for its etiology probably will not be recorded in a few sentences. In- 
deed, through overstatement and unwarranted claims, much of the 
research in the past has beclouded rather than clarified the issues. 
Turgidity too often has been mistaken for profundity. “One does not 
get nearer to the ideal state any the more quickly by trying to force the 
shortest cut to the goal of strictest unity, by proclaiming meager be- 


"Riddle, Oscar. Factors in the development of sex and secondary sexual 
characteristics. Physiological Reviews: 11: no. 1: 63-106. January 1931. 
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ginnings as the final principles, and by owing to the facts what is saved 
on the theories.”*> This study represents a meager beginning. Before 
final principles can be set down, an extensive investigation of twinning 
families should be made; a similar survey of left handed families should 
be undertaken. Through such projects one will avoid the pitfall of 
owing to the facts what is saved on theory. Stuttering then may be 
nearer a solution. 


CONCLUSIONS 


1. In a study of 462 stutterers and 500 non-stutterers it was 
found that twinning occurs more frequently in stuttering families than 
in non-stuttering families. 

2. In stuttering families containing both twins and single siblings, 
stuttering is more frequent among the twins than the single siblings. 


3. Connections previously having been established between left 
handedness and twinning, and between left handedness and stuttering, 
a common denominator residing in genic factors is postulated. 


“Kohler, W. The Mentality of Apes. Harcourt, Brace and Co. New York. 
1925. 
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POPULATION GROWTH IN PALESTINE 


BY JONAS S. FRIEDENWALD 





E trends of population growth in Palestine present several 
fy unique features. In a small country two culturally distinct 
i groups, with almost complete absence of inter-marriage are 
==) growing rapidly in numbers,—one, the Arabs, largely but 
not exclusively by natural increase, the other, the Jews, largely but 
not exclusively by immigration. Growth by immigration has not, so 
far as I know, been the subject of careful enumeration elsewhere, if, 
in fact, it has ever occurred on so intense a scale within modern recorded 
history. We are presented, therefore, with an opportunity to study in 
how far the growth of a population by immigration follows the same 
laws as those that have been found to hold for growth by natural 
increase. A priori, it need not be supposed that the growth laws in 
the two cases should be essentially different, for even with a limitless 
supply of potential immigrants a barren country can not be densely 
settled over night. There must be first comers who build roads, drain 
marshes, found cities, begin industries, and during the early period the 
absorptive capacity of the country for new immigrants can be expected 
to depend in large measure on the number already settled. Thus the 
early stages of population growth by immigration should tend to be 
logarithmic resembling in this respect the early stages of population 
growth by natural increase, though the growth rate in the former case 
may exceed any possible figure in the latter. 

The velocity of population growth in Palestine, both for the Jews 
and the Arabs is, in fact phenomenal, and it appears likely, therefore, 
that the whole cycle of growth may be completed within a few decades, 
providing thus a condensed version of the more leisurely course of 
affairs in other lands. 

Accurate censuses have been taken only on two occasions, 1922 and 
1931, but annual estimates both by the government and by the Jewish 
Agency, based on the excess of immigrants and births over emigrants 
and deaths are available for the intervening and subsequent years. 
Since the apportionment of funds for public health and education 
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among the various component groups of the community is based in part 
on their population ratios, these annual estimates are rather carefully 
prepared and may be considered reasonably accurate. Estimates of the 
pre-war population are for the most part quite vague, and should be 
taken with due reserve. 


RAcIAL CHARACTERISTICS 


The Arab population of Palestine is divided into two quite distinct 
ethnic and cultural groups,—a majority form the settled population, peas- 
ants and townsmen, while a minority are migratory herdsmen or Bedouin. 
The latter are of fairly pure Arab stock, closely related to similar 
migratory tribes in Transjordan and Arabia. They inhabit mainly 
the southern portion of Palestine, bordering on the Sinai desert, a 
region in which Jewish colonization has not, as yet, taken place, and 
neither their way of life nor their number seems to have been influenced 
up till now by the modern development of the country. 

The settled portion of the native population though culturally and 
politically allied to the Arab world is by no means of pure Arab race 
but represents the result of the recurrent military invasions and com- 
mercial infiltrations that have crossed and recrossed all the strains 
native to the eastern end of the Mediterranean. They may perhaps be 
best described as Levantine. About % of this group are Moslems, the 
remainder Christians of the Maronite branch of the Greek Catholic 
Church. The two groups do not intermarry and while racially similar, 
the Christian group contains a larger proportion of more recently immi- 
grated Greek, Armenian, and Syrian stock. In the census reports the 
subdivision “Christians” includes, along with the Maronite Arabs, also 
members of various European religious orders stationed in Palestine, 
British Government officials and their households and other non-Jewish 
Europeans, so that the vital statistics of the group represents a far 
less accurate picture of the native population than do similar data on 
Moslems. 

There have probably always been some Jews in Palestine but for the 
past two hundred years a slow stream of pious immigrants has come 
to the country, mainly elderly individuals who hoped to die there. 
Modern colonization of Palestine by Jews began in 1878 when a group 
of some hundred families founded a farming village. The course of 
growth of this population will be discussed below. The largest groups 
of immigrants have come from Eastern Europe, mainly Russia and 
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Poland. Since 1932 there has been a considerable immigration from 
Germany. Small but steady streams of immigrants have come from 
oriental countries,—Iraq, Bokhara, Yeman. These groups differ ethni- 
cally in considerable degree from the European Jewish immigrants, 
but intermarriage between these different groups is proceeding rapidly. 


TABLE 1 
Jewish population of Palestine 


July 1919 
Oct. 1922 (Census) 
July 


* Jewish Agency Estimates 


Pre-war Jewish population 
AGRICULTURAL COLONIES** NEW YISHUB*** 


400 
6950 
15780 
30000 
** Population of agricultural colonies as given by Judisches Lexicon 1930 
*** Population of New Yishub estimated as twice that of agricultural 
colonies 


A. Jewish population growth 


Estimates of the number of Jews living in Palestine at various 
intervals since July 1919 are given in Table 1. It is evident from 
a consideration of these figures that the yearly increase represents 
roughly a constant proportion of the number of those already present 
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in the country at any given time. This relationship can best be 
illustrated by charting the data on a logarithmic scale. Figure 1 il- 
lustrates the result of such a method of charting and it is evident 
from this chart that the growth of the Jewish population has, in fact, 
followed a steady trend which may be estimated at 11.3 per cent increase 
per anum. Fluctuations from this constant rate have occurred but at 
no time has the actual Jewish population been greater or less than 
that predictable on an estimate of uniform growth rate by an amount 
which anticipates or lags behind the calculated number by more than 
twenty months. In view of the fluctuating cycles of prosperity and 
depression which have occurred in Palestine and in the world at large 
since 1919, this close agreement between the actual growth and the 
theoretical growth at a uniform rate is most remarkable. 

It is illuminating to compare this post-war growth with the pre-war 
growth of the same group. Before the World War, Palestine Jewry 
was divided into two groups,—one, the so-called Old Yishub, con- 
sisted in persons who went to the country on account of religious 
motives and who were supported there by gifts of charity from world 
Jewry and who had no economic roots in the country. The second, at 
that time smaller group, the so-called New Yishub, consisted in Zionist 
colonists who had come to Palestine to build there a permanent home 
for their people and who established themselves in the agricultural 
colonies and in the towns as a part of the working, producing com- 
munity. 

The World War resulted in an almost complete dissipation of the 
Old Yishub. By starvation, by disease, by emigration, and finally by 
economic absorption into the New Yishub, the Old Yishub ceased to 
exist. If, therefore, we wish to compare the post-war growth of the 
community with its pre-war growth, we must consider not the total 
pre-war Jewish population, but the pre-war population of the New 
Yishub alone. No direct estimates of the pre-war New Yishub are 
available but fairly accurate counts of the number of Jewish agricul- 
tural colonists were made in the pre-war period, and it is also generally 
agreed that during the pre-war period, the New Yishub was about 
equally divided as between agricultural colonists and city dwellers. 
These estimates for the population of the agricultural colonies and 
for the total New Yishub are given in Table 1. 

From the post-war data of Table 1 and Figure 1, one can compute 
the expected population of the New Yishub for any pre-war year on 
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the assumption that the New Yishub had been growing continuously 
at the same rate as the post-war community and attained the numbers 


actually found in the post-war period. This may be done most simply 
by extending downwards and to the left the straight line which has been 


1,000,000 }— 


100,000 





10,0001__|__| — 
195 20 25 30 35 


Fic. 1. Post-War JewisH PopuLaTion oF PALESTINE 





drawn through the data plotted on Fig. 1. In Fig. 2 this comparison 
is made and it is seen that the growth of the pre-war New Yishub is 
continuous and homogeneous with the post-war growth. Even if it is 
assumed that there is an error in estimating the population of the New 
Yishub at twice that of the Jewish colonies, the fact still remains that 
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the growth rate of the colonies from 1878 to 1914 was uniformly the 
same as that of the post-war Jewish community. 


1,000,000 -— 


100,000 


10,000 1 


1,000 
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Fic. 2. Comparison oF Post-War JEwISH PoPULATION OF PALESTINE 
with Pre-War NuMmBers oF ZIONIST COLONISTS 





DISCUSSION 


It is apparent that a uniform and continuous growth which has now 
been maintained for 58 years must be an expression of some funda- 
mental social forces within the community, forces so fundamental that 
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their operation has been uninfluenced by such major political changes 
as the shift in sovereignity of the country from the Turkish Empire 
to that of the Mandatory Power, forces so fundamental that major 
catastrophies to the world and to the Jewish people, such as the World 
War, the post-war cycle of prosperity and depression, the Nazi Revolu- 
tion, and the various Arab uprisings in Palestine, have produced if 
anything, only minor fluctuations in the population growth. 

The magnitude of the Jewish growth rate in Palestine surpasses 
anything in recorded history. In the settlement of the North American 
continent where there was apparently limitless available space, and 
the whole of Europe as a potential source of immigrants, the growth 
rate never exceded 31% per cent per year for any decade. That the 
growth rate of Jewish Palestine has exceeded more than three times 
this figure is a measure of the adaptability of the Jews to the land and 
of the land to Jewish settlers. 

An annual growth rate of 11.3 per cent results in a doubling of the 
population every 644 years. We may conclude, therefore, that, on the 
average it takes a Jewish immigrant 6-7 years to become so thoroughly 
absorbed into the economy of the country that he is able to make a place 
for another Jew. The importance of this for the life of the country 
may be seen in the fact that six years elapsed from the end of the war, 
when every one in Palestine had to begin life afresh, to the boom of 
1925-6, and again a similar period from the depression of 1926-7 till 
the beginning of the most recent wave of immigration in 1933. 

Owing to the preponderance of young adults among the immigrants 
the age distribution of the Jewish population is very abnormal, the 
birth rate relatively large, and the death rate extremely small. The 
natural increase varies from 2 to 24% per cent per year. Roughly, 
therefore, the population growth may be accounted for as 4 by im- 
migration, % by natural increase. 


B. Arab population growth 

The data for the Arab population are considerably less accurate 
than those for the Jewish population and far less easy to interpret. 
There is, however, general agreement that the Arab population is grow- 
ing at a rate of 2.5 per cent to 3 per cent per year. Thus comparing 
the censuses of 1922 and 1931, one finds that the settled Moslem and 
Christian population has increased from 612,000 to 784,000 represent- 
ing an increase of 2.8 per cent per year, a figure which accords well with 
the annual excess of recorded births over recorded deaths. 
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It is extremely difficult to form any idea of the population trends 
among the Arabs in pre-war times, since only rough estimates are 
available. It is, however, plain that the total change in the Arab popula- 
tion from the middle of the last century until the pre-war years was very 
small. Thus the British Encyclopedia of 1880 and of I9I1 give the 
figure of 650,000 for the total population of Palestine. Since the 
Jewish population was increasing somewhat during this period there 
may have been an actual slight decrease in the number of Arabs. 

It is of interest to inquire as to when this stationary population 
began to increase. Most of those who have discussed this problem have 
assumed that the beginning of the Arab growth coincided with the estab- 
lishment of British authority in the country. Mr. Mills in the 1931 
census report, however, draws attention to a definite excess of Moslems 
aged 26-32 in 193I as compared with those over 32, and points out 
that this discrepancy could be explained on the supposition that an in- 
crease in the birth rate occurred in the years subsequent to 1899 as 
compared with the birth rate before 1899. Mr. Mills notes that a 
similarly rising birth rate in the years before the war was noticed in 
the Census Reports for Bengal 1921, wherein it was suggested that 
population was in those years preparing unconsciously for the World 
War. A much more reasonable explanation is that the influence of the 
Jewish colonization began to make itself felt in an improvement in Arab 
standards of living in those pre-war years. Not only was there a 
growing and progressive minded community which gave increasing 
opportunities to Arab labor and commerce, but also it was in those years 
that Arab farmers and cultivators in the neighborhood of Jewish agri- 
cultural colonies first began to imitate the modern methods of agri- 
culture which the Jews were introducing. 

While the present cycle of Arab population growth began, therefore, 
about the beginning of the century, it cannot have had from the first 
its present rapid rate. This can be seen as follows. If we compute 
the settled Arab population on the assumption of a 2.8 per cent annual 
increase extending backwards in time from the census figure of 1922 
we reach 330,000 for 1900, a number which is obviously too low. It 
is evident, therefore, that while the Jewish growth rate has been un- 
influenced by the Arab population and has not been dependent on any 
opportunities for growth created by the Arabs, the Arab growth rate, 
on the contrary, has been largely and favorably influenced by the Jewish 
population, increasing as the Jewish population itself has increased. 
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Thus the Government estimates of the Arab population showed an 
increase from 575,000 in October 1922 to 630,000 in July 1927, cor- 
responding to an annual increment of just under 2 per cent during a 
period when the average Jewish population was 115,000. Similarly, the 
Government estimates of the same group showed an increase from 
784,000 in November 1931 to 897,000 in July 1936 corresponding to 
an annual increment of 2.75 per cent during a period when the average 
Jewish population was 275,000. Thus an increase of 150 per cent in the 
Jewish population at stationary growth rate has been associated with 
an acceleration of 37 per cent in the Arab growth rate. It must be 
pointed out that both of the periods compared were periods of economic 
prosperity for the country; also that while the Government made a cor- 
rection in its estimate of the Arab population, adding roughly 80,000 
to its figure for 1926 to obtain that for 1927 on the well founded 
assumption that the previous figure gave a short count, still the annual 
increment was based on the excess of births reported over deaths reported, 
and this should have made the annual increment appear unduly large 
during the earlier period when the gross population was underestimated. 

This dependence of the Arab growth rate upon the numbers of 
the Jewish population is well illustrated by the fact that the population 
of those sub-districts such as Beersheba, Bethlehem, Nablus, and Jenin 
where practically no Jews have settled, show a smaller rate of increase 
than does the Arab population of the whole country. It is evident that 
the Arab growth has followed an approximately logistic form. The 
data are as yet insufficient to make the attempt of fitting a logistic 
equation, for the lower assymptote is unknown and the recorded seg- 
ment of the growth cycle extremely short. 

It is somewhat difficult to estimate the relative proportions of 
natural increase and immigration which contribute to the growth of 
the Arab population. Fertility is extremely high, but infantile and 
juvenile death rates are also very great. The excess of reported births 
over reported deaths would account for a natural increase of about 
2% per cent but the reporting of vital statistics in the country is far 
from satisfactory. Up to the present no effort has been made to count 
the number of those, partly seasonal workers, partly permanent settlers, 
who drift across the borders. By various methods of calculation it may 
be estimated that not less than 10 per cent, not more than 20 per cent of 
the Arab increase has been due to immigration. 
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CONCLUSION 


On the basis of the short period of observed growth no predictions 
for the future seem justifiable. The present effort has been merely to 
place the available data in a form which will illuminate current trends, 
and to call attention to those unique features of growth velocity and 
of the preponderant influence of immigration which make the Palestine 
population growth of special interest. 
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DERMATOGLYPHICS IN RWALA BEDOUINS 


BY WILLIAM M. SHANKLIN AND HAROLD CUMMINS 
American University of Beirut, Syria, and Tulane University 





i= SHE dermatoglyphics of the Rwala are of special interest be- 
ys | \ cause these Arabs represent a relatively pure racial group, 
| =+j isolated by virtue of their nomadic life and the hostility of 
==) the desert from the settled populations of the Near East. 
Furthermore, Shanklin (’35) has shown that the Rwala are very high 
in blood group O (one camp, 79 subjects, 94.9 per cent), while all the 
other previously studied Near East peoples are relatively low in blood 
group O, Parr (’31). Subsequent blood group studies, by Shanklin, on 
two other bedouin tribes in the North Syrian desert also reveal a high 
percentage of group O. 


The extensive studies of the Krischners (’32) and Kappers (’34) on the cephalic 
index of Near East populations demonstrate a prevailing brachycephalism; the 
Rwala in contrast are dolicocephalic and mesocephalic (270 subjects, mean cephalic 
index 75.00-+.103). However, the dolicocephalism of the Rwala bedouin is not 
surprising for Shanklin (’34) found dolicocephalics and mesocephalics predominat- 
ing among the nomads and villagers of Transjordania (791 subjects, mean cephalic 
index 77.3). 

The material presented consists of palm prints of 231 Rwala males, 
mostly adults, and complete finger-print sets of 200 of these subjects. 
Owing to the great scarcity of water in the Syrian desert and the con- 
sequently dirty hands a number of prints were so unsatisfactory that 
they were discarded. The material was collected from five different 
camps in some cases more than 100 miles apart. 


The prints were collected, interpreted and formulated by Shanklin, 
after which Cummins carefully reviewed and checked all interpretations 
and formulations against the prints themselves. The comparative ma- 
terial was prepared by Cummins. The palmar features are interpreted 
and formulated strictly according to the method of Cummins ef al. 
(29). The Arch-Loop-Whorl classification of Galton for finger prints 
is used in this study. 








358 HUMAN BIOLOGY 


DATA 


Finger prints. Complete finger-print sets are available for 200 sub- 
jects. The frequencies of the pattern types in these 2000 digits are: 


Arches, 3.8 per cent 
Radial loops, 2.6 per cent 
Ulnar loops, 54.6 per cent 
Whorls, 39.1 per cent 


The mean “index of pattern intensity” is 13.53 + .17. This index 
(Cummins and Steggerda, ’35) is merely a summation of values as- 
signed as rough measures of the levels of pattern expression: Arches, 
0; Loops, 1; Whorls, 2. It will be evident that individual finger-print 
sets resolve indices ranging from 0 to 20, the figure being with rare 
exceptions (occasioned by the presence of tented arches and composites 
having more than two triradii) equivalent to the number of triradii 
related to the ten patterns. Mean indices in racial collections naturally 
are confined to the intermediate extent of this range; of all races re- 
corded to date the Efe Pygmies (Dankmeijer, ’34) represent the mini- 
mum value, 10.32, while Abel’s (’33) series of Greenland Eskimos are 
at the opposite extreme, with the index 17.13. 


TABLE | 


Percentile occurrence of pattern types for each digit based on 200 right 
and 200 left hands, each pair having ten-finger set complete 











DIGITS I II III IV Vv 

HANDS R L R L R a R L R L 
Mice sa.: Oa oe 9.0 8&5 ae 26sk, ee Ge kins 
Radial loops... 0.5 .... 9.5 10.5 ss Ss SE utes) 8 seen Seas 
Ulnar loops... 43.5 51.5 36.0 41.5 70.0 65.0 40.5 48.0 70.5 79.5 
Whorls ...... 55.5 46.0 45-5 390.5 23.5 23.5 58.0 49.5 29.0 20.5 





Table 1 carries a listing of the pattern frequencies separately for 
digits and hands, to be available for future comparative use with such 
methods as the dactylodiagram of Poll. 

Palmar main lines. Table 2 lists the terminations of main lines. 
The essential usefulness of the main-line terminations is derived from 
their indications of the degree of slant of the general palmar. configura- 
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TABLE 2 


Terminations of the palmar main lines, stated in terms of the 
percentile occurrence of each position. 
(Compiled from 230 individuals, the reductions due to indecipherable 
prints being indicated at the head of each column) 








LINE A LINE B LINE C LINE D 
(228) (230) (227) (230) (224) (224) (227) (230) 
position R L R L R L R L 
I 0.4 3.5 eet 
2 1.3 6.1 eta a ‘va 
3 29.4 46.5 sieles 1.3 pea 
4 18.9 18.7 Putt 0.4 ake 
5 43.0 22.6 2.6 7.4 ikon 0.4 
5s" 66 2.2 37-4 54-4 5-4 14.7 
6 0.4 0.4 3.1 48 2.2 45 eee thea 
7 on 52.9 31.3 25.9 31.7 5.3 14.3 
8 1.3 0.4 0.9 1.8 2.2 48 
shee — 2.6 oe 42.0 16.5 31.7 43-5 
nse a: saae sate 1.3 0.4 3.5 48 
11 divs wae eed Te 2.6 come 56.4 31.3 
— ae weed =r aden via wane 0.4 0.4 
ee eb ies aa ame wate 2.2 5.4 Pret 
rer re cae sasea 1.3 6.3 hes sabe 
me. sues eas Sowa ints 16.0 18.3 0.4 0.9 





tion. Cummins (’36) has proposed a method of converting the form- 
ulated main-lines A and D into a “main-line index” which is descriptive 
of this slant. The index for the Rwala, 8.59 + .07, indicates moderate 
transversality of the configurations. The indices derived separately for 
right and left hands, 9.28 + .o8 and 7.90 + .09 respectively, reflect the 
characteristically greater degree of transversality of the right hand. 


Axial triradi. Determinations of axial triradii could be made only 
in 223 right palms and 229 lefts. Combining right and left hands, 
which is justified by the absence of any significant bimanual differences 
shown in the tally of these features, the frequencies of the types and 
their combinations are as follows: t, 77.7 per cent; t’, 13.1 per cent; 
t”, 1.6 per cent; tt’, 4.0 per cent; tt”( 2.7 per cent; t’t”, 0.4 per cent; 
tt’t”, 0.7 per cent. 


Palmar patterns. Percentile frequencies of the five palmar patterns, 
listed separately for right and left hands, are presented in Table 3. 
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TABLE 3 


Percentile frequencies of palmar patterns 
(The figures indicate the occurrence of true patterns and marked pattern 
vestiges in each of the five palmar areas. Compiled from 230 
right hands and 231 lefts) 








RIGHT LEFT 
ae areal Rt cer ae OT Ree ay RP 31.7 39.0 
Thenar/First Interdigital............... 5.2 11.3 
Semel TA ooo cece cccecccsccse 8.8 2.6 
Es i800 0dndncbsctnnmenes 48.2 27.6 
EE DS 6 cece ciccsmeeconks 44.7 69.¢ 





Attention may be directed to the differential bimanual occurrence of 
hypothenar patterns. Hypothenar patterns are more frequent in left 
hands, a condition which has been reported in Chinese and various col- 
lections of American Indians (see Steggerda, Steggerda and Lane, ’36), 
in contrast to the typical “European” trend of a superiority of the right 
hand. 


DISCUSSION 


It is not purposed to make extensive comparisons of the Rwala 
dermatoglyphics with data obtained in all the studies which are now on 
record, for it is necessary to defer such broad comparisons until more 
representative racial data are at hand. In the meantime, however, it 
will be of interest to select for comparison a few peoples of probable 
relationship to the Rwala, and particularly those whose blood groupings 
and cephalic indices are similar or in contrast. Such data are at hand in 
several published studies, and to enlarge the numbers for increased 
stability of the trends certain unpublished material is added. It may be 
important to mention that all the formulations in the material now to 
be considered, excepting the series of 50 Arapaho Indians reported 
by Downey, were originally made or checked by Cummins. The figures 
are listed in Table 4, and the sources are explained in the footnotes 
accompanying it. 

Racial resemblances and differences in dermatoglyphic features are 
made out by comparing the frequencies of their variants: the occur- 
rences of the finger-print types — arches, loops and whorls — together 
with variations in size, form and digital distribution of these patterns; 








tern 
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TABLE 4 


Comparison of finger prints and palmar dermatoglyphics of the Rwala 
with several peoples 
(In the groups for which two numbers of subjects are indicated dif- 
ferent totals are available for analysis of the various features 
[e.g. Rwala — finger prints, 200 subjects; palms, 231) ) 











PEOPLE AND FINGER-PRINT MAIN- 
NUMBER OF PATTERNS LINE PALMAR PATTERNS 
SUBJECTS (per cent) INDEX (per cent) 
te 7 _— — _ 
' £8 3223 23 
oo & = F= q 3 z 2 # = 
23822 2 E GEEEEEES 
<es58 8 r BEsEaECE 
Rwala (200-231) 38 26 546 301 859 354 83 57 379 569 


‘Mitwali (138) 27 42 509 422 §&s50 31.1 141 65 57.9 57.6 


* Lebanese (89-106) 2.5 2.9 49.3 45.4 847 37.90 188 94 57.2 59.0 
* Jews, New 
Orleans (200) 4.2 3.0 500 42.7 .... 405 17.7 90 52.7 54.0 





* North-American 

Indians(361-411) 4.9 2.5 420 506 606 136 269 18 248 73.5 
* Mexican and Cen- 

tral-American 

Indians (528-633) 4.3 3.1 53.6 389 7.47 111.6 400 2.3 258 65.6 
* Eskimos (89-117) 3.7. 2.0 476 466 820 2090 135 2.2 45.3 57.3 





*The Mitwali are a Syrian mountain people. Males and females are repre- 
sented in this collection in the proportion of about two to one, respectively. 
Cummins and Shanklin, Am. J. Phys. Anthrop., vol. 22, 1937. 

* Lebanese males, mainly students at the American University of Beirut. The 
collection contains 89 right hands and 106 lefts; to make the figures here listed 
comparable to those in ordinary series, which include both hands of all subjects, 
the frequencies of particular features determined separately for rights and lefts 
are directly averaged. Unpublished data of Cummins and Shanklin. 

* New Orleans Jews, 100 males and 100 females. Cummins and Midlo, Am. J. 
Phys. Anthrop., vol. 10, 1927. The palmar main lines were not formulated by the 
revised method, and the main-line index thus can not be calculated from the pub- 
lished data. 

* Pooled figures (weighted averages of the five series) for 50 Arapaho (Downey, 
J. Exp. Psychol., vol. 10, 1927); 67 Comanche (Cummins and Goldstein, Am. J. 
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the frequencies of patterns, as opposed to patternless configurations, in 
the five palmar areas; the characteristics of main lines, etc. The 
present comparisons are limited to the items carried in Table 4. 


As yet we do not know how to determine the relative values of the 
various features. The comparisons must therefore be provisional and 
of a very general nature, further caution being demanded by the varying 
sexual composition of the compared series and their limitations in point 
of numbers. 


In introducing the comparisons reference may be made to the con- 
ception of primitiveness in the dermatoglyphics. According to pre- 
vailing opinion (see especially Wilder, ’16) whorls are considered to be 
the original or primitive configuration. From this viewpoint a people 
having abundant whorls on the finger tips would be regarded as more 
primitive, with respect to this feature, than another stock presenting 
a lower frequency. Likewise in the palm, the presence of patterns in 
the five configurational areas is commonly believed to be a more primi- 
tive state than that when the areas lack patterns. The tendency toward 
longitudinal alignment of the general palmar configuration is presum- 
ably less advanced than the trend toward the transverse. An examina- 
tion of racial groups discloses that if this conception of primitiveness is 
correct not all dermatoglyphic features retain their original traits in 
uniform degree. Keith (’24) devotes some attention to the inverse 
tendencies of two of the palmar patterns, pointing out that as thenar 
{together with the associated first interdigital] patterns increase in 
number the hypothenars diminish. The data presented in our Table 4 
not only support this generalization but they show that the fourth inter- 
digital pattern varies in the same direction as the thenar/first interdigital, 
while the second and third interdigitals are coupled with the hypothenar, 
in general increasing or decreasing in its company. The inclination of 
palmar main lines, while showing a less strict conformity, does exhibit 
a fair degree of association with the frequencies of palmar patterns, 


Phys. Anthrop., vol. 17, 1932) ; 93 Navajo, 59 Hopi and 130 Pueblo (from unpub- 
lished data of Cummins). The sexes are about equal in numbers. 

* Pooled figures (weighted averages): Cummins, Am. J. Phys. Anthrop., vol. 
15, 1930; Leche, Publication No. 5, Middle American Research Series, Tulane 
Univ., 1933; Leche, ibid., 1936; Cummins, ibid.; Cummins and Steggerda, ibid. 
The subjects are mainly males. 

*Pooled figures (weighted averages): Midlo and Cummins, Am. J. Phys. 
Anthrop., vol. 16, 1931; Cummins, ibid., vol. 20, 1935. Sixty-nine males, 50 females. 
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transversality being greater in the groups with less frequent thenar/first 
interdigital and fourth interdigital patterns and the more abundant 
hypothenar, second and third interdigital patterns. Patterns of the 
finger tips appear to have a larger measure of independence from the 
variants of the palmar features. 

To apply the criteria of primitiveness to single cases, two groups may 
be compared. In the North-American Indians it is found that while the 
group seems to be primitive in some features (high frequency of whorls 
on the finger tips, marked tendency toward a longitudinal palmar con- 
figuration, relatively frequent thenar/first interdigital and fourth inter- 
digital patterns) in others (infrequent hypothenar and second and third 
interdigital patterns) it would appear to be more advanced. In con- 
trast, the Rwala are more advanced in the very items wherein the 
Indians are primitive, while for the three palmar areas noted in the 
Indians as advanced, signified in lower frequencies of patterns, the 
Rwala are seemingly more primitive! The solution to this paradox 
probably lies at least partly in a differential and independent behavior 
of the various features, but it seems likely that it may be identified 
also with a false presumption of primitiveness. It may be remarked 
that the situation is expressed not only in racial variation but also 
through bimanual differences in the one race (Cummins, Leche and 
McClure, ’31). The trends characterizing right hands in this European- 
American series are: more frequent apical whorls; greater transversal- 
ity; more abundant hypothenar, second and third interdigital patterns; 
less abundant thenar and fourth interdigital patterns. Sexual differ- 
ences in the same collection are nearly a parallel, males displaying es- 
sentially the same contrasts with females as do right hands in com- 
parison with lefts. But since we are at present concerned merely with 
racial comparisons, and not with an attempt to trace the origins of the 
peoples, the matter of primitive characteristics need not be followed 
further. 


Table 4 is divided into two sections, the first embracing the Rwala, 
Mitwali, Lebanese and Jews in America. These four peoples exhibit a 
close relationship, but among them the most marked distinctions occur 
in the Rwala. The three Pacific American populations contained in 
the second division of the table exhibit various traits in common. The 
Eskimos are perhaps the most distinctive, considering all features, and 
it should be noted that of the three their relationship is the most close 
to the trends in the groups above, and of these especially to the Rwala. 
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An independence of blood groups and dermatoglyphic traits is sug- 
gested by this comparison. The Indians and Eskimos, with an expected 
high frequency of O, appear to be less closely allied to the Rwala than 
are the two Near East peoples and Jews, who have a much lower fre- 
quency of this blood group. The Indian and Eskimo subjects of these 
particular collections are of unknown blood groups, and reliance must 
be placed on observations in other samples; in spite of this, it is obvious 
that an exceptional incidence of blood groups in these series would be 
insignificant, since the resemblance of the Rwala to the Near East peoples 
and Jews contraindicates the assumption of a correlation between 
blood groups and dermatoglyphics. (For further discussion of the 
question of finger print and blood group correlation see: Hesch, 
Zeitschr. f. Rassenphysiol., vol. 5, 1932; Geipel, tbid., vol. 7, 1935; 
Blotevogel, H. and W., Zeitschr. f. Kinderheilk., vol. 56, 1934.) 

Turning now to the question of whether cephalic index and derm- 
atoglyphics may be associated, it will be recalled that the Rwala are 
prevailingly dolicocephalic; the peoples with whom they are here com- 
pared are mesocephalic and brachycephalic. The indications of the data 
are that cephalic index and dermatoglyphics vary independently. Thus, 
though the Indians and Eskimos differ markedly from the Rwala in 
their dermatoglyphics, it is apparent that such differences are not linked 
with the cephalic index inasmuch as the Mitwali, Lebanese and Jews 
are closely related to the Rwala notwithstanding their differing trend in 
cephalic index. This finding is not entirely unexpected, Cummins and 
Steggerda (’36) having already reported, in reference to Maya and 
Dutch series, the lack of significant correlation between the cephalic 
index and finger-print traits (as expressed in the index of pattern 
intensity, pattern size and pattern form). 


SUM MARY 


The dermatoglyphics of 231 Rwala Arabs are analyzed, with the 
following key findings. Among finger-tip patterns whorls are of mod- 
erate frequency, 39.1 per cent. A fairly marked degree of transversality 
of the general palmar configuration is indicated in the main-line index, 
mean 8.59. The frequencies of palmar patterns are: hypothenar, 35.4 
per cent; thenar/first interdigital, 8.3 per cent; second interdigital, 5.7 
per cent; third interdigital, 37.9 per cent; fourth interdigital, 56.9 per 
cent. 
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These characteristics are in close keeping with two other Near East 
peoples for which data are available, the Mitwali and Lebanese, as well 
as with Jews. Comparisons are drawn also with North American 
Indians, Mexican and Central American Indians, and Eskimos. The 
dermatoglyphics in these groups are distinctive from the Rwala, though 
of the three the Eskimos present the most close relationship. The 
similarities and differences of the groups here compared suggest that 
dermatoglyphics vary independently of both cephalic index and 
frequency of blood group O. 
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PURPOSE 


The general purpose of this study is to give an objective description 
of the postnatal growth of white children with respect to four measure- 
ments of limb girth. Specifically, the aims of the investigation are (1) 
to compute central tendency and variability values for circumference 
of arm, forearm, thigh, and leg at thirty-one successive age intervals 


between birth and eighteen years, (2) to calculate percentage increment 
series based on the means for each sex in each measurement, (3) to 
analyze the transverse growth of the limbs with reference to age trends, 
sex differences, and individual variations, and (4) to compare growth 
of the extremities in circumference with other selected body dimensions. 


ANGLO-AMERICAN LITERATURE 


The earliest of the British and American investigators found to have published 
quantitative findings for limb girths of white children were Fergus and Rodwell 
(5). In 1874 these authors reported an anthropometric study of 550 English school- 
boys ranging in age between ten and nineteen years. Included among the series of 
measurements taken were (1) “girth of the flexed arm, measured at the broadest 
portion of the biceps muscle near the shoulder, the muscle being at rest,” and (2) 
“girth of the leg measured at the broadest portion of the calf” (5, p. 126). The 
paper gave no analysis of these data beyond statements to the effect that, for the 
entire sample, arm girths were found to range from 16.5 to 30.0 cm. and girths 
of leg from 24.7 to 41.2 cm. The study was made at Marlborough College, 
England. 

Six years later, the Anthropometric Committee of the British Association for 
the Advancement of Science (4) incorporated in its report a study based on 1,850 
observations each for circumference of arm and circumference of leg. These 
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observations represented a cumulative extension of the earlier study by Fergus 
and Rodwell in that they covered the same age span and were “made during several 
years by Doctor Fergus on boys in Marlborough College” (4, p. 147). In measure- 
ment of the upper extremity “the arm was held in a loosely-flexed state, the muscles 
being at rest and flaccid; the measurement being made around the thickest part of 
the biceps muscle” (4, p. 155). The lower extremity was measured “at the thickest 
part of the calf, the muscles being at rest” (4, p. 156). Both arm and leg were 
bared before measurement. A table for each girth gave the frequency distributions 
obtained at successive annual intervals, together with the averages derived from 
each distribution. The former showed the degree of individual variation, e.g. the 
eighteen-year-old boys with the smallest arm and leg circumferences were shown 
to be exceeded in these dimensions by the eleven-year-old boys with the largest 
circumferences. The average values obtained, following conversion from inches 
to centimeters, are reproduced below: 


Mean Age, Observa- Arm Leg 
Years tions Girth Girth 
Centimeters 


11% 89 19.2 27.2 
12% 19.6 27.9 
13% 333 20.3 28.7 
14% 21.2 29.6 
15¥2 320 22.3 30.7 
16% 282 23.8 32.1 
17% 150 24.6 33.0 
18% 61 25.7 33.8 


In 1889, Sargent (13) published a non-technical discussion of results from an 
anthropometric study made on 1,200 boys and girls of “the student class.” The 
subjects were between thirteen and sixteen years of age and gave a mean age of 
fifteen years. Two findings for girth measurements of the extremities were re- 
ported. The average girth of the right arm for boys was found to be 0.5 cm. 
larger than the average girth of the left arm, while in girls the arm girth averages 
for the two limbs were “the same size.” The thigh girth of girls was found to 
exceed that of boys by 5.0 cm. at fifteen years of age. Sargent noted that thigh 
girth was “the only measurement of women which actually exceeds that of man 
from the age of thirteen onward” (13, p. 177). The measurement technique used 
was not described. [This was probably as given in Seaver (15, p. 47).] No tables 
were included. 


At a meeting of the Anthropological Institute of Great Britain and Ireland, 
held March, 1895, Hall (7) reported an analysis of girth measurements for arm, 
forearm, thigh and leg. His data were approximately 2,000 observations for each 
girth taken on “school boys and students of Philadelphia and suburbs” during the 
previous six years. They covered the age period from nine to twenty years. With 
few exceptions the subjects were sons of well-to-do American-born parents of 
English stock. The measurements were made upon the nude body by means of a 
waxed linen tape. The tape was applied at the greatest diameter of each limb 
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segment and care was taken to maintain a uniform degree of tension throughout, 
Median values, based on one-year age groupings, were obtained for each of the 
four measurements. These follow: 





Mean Age, Observa- Arm Forearm Thigh Leg 
Years tions Girth Girth Girth Girth 
Centimeters 

9% 93 18.7 17.6 37.1 24.7 
10% 122 19.8 18.6 39.1 26.1 
11% 132 20.4 19.2 40.1 268 
12% 143 21.3 20.1 41.0 27.7 
13% 203 22.5 21.0 42.5 288 
14% 209 23.9 22.2 44.5 30.1 
15% 233 25.5 23.7 46.1 31.6 
16% 284 27.3 24.7 48.9 33.4 
17% 290 28.7 25.4 50.9 34.5 
18% 240 20.7 26.0 51.6 35.1 
19% 155 30.3 26.4 52.0 35-4 


In 1896, Mrs. Hall (8) published limb girth measurements for a single male 
infant during the age interval from one to eighteen months. The child’s parents 
were professional people of English-American stock. The measurement values 
obtained at one, six, twelve and eighteen months were as tabulated below: 


Age, Arm Forearm Thigh Leg 

Months Girth Girth Girth Girth 
Centimeters 

I 10.3 10.3 16.0 12.2 

6 13.0 12.7 22.0 15.7 

12 15.8 14.7 27.5 19.3 

18 16.3 15.5 27.5 19.8 


A study by Moon (12) on boys of the McDonogh School, near Baltimore, 
Maryland, was also published in 1896. The data were gathered from annual 
measurements over an eight-year period and fell within the age limits of eleven 
to seventeen years. There was no mention of such items as method of measure- 
ment or racial selection of sample. Six tables gave calculated values for circum- 
ference of arm, forearm, thigh and leg at five point intervals between the sth and 
osth percentiles. The median or soth percentile figures from these tables are as 


follows : 
Mean Age, Observa- Arm Forearm Thigh Leg 
Years tions Girth Girth Girth Girth 
Centimeters 
1% 100 20.2 19.6 38.3 26.8 
12% 120 21.0 20.1 30.5 27.7 
13% 11S 21.0 20.4 40.6 28.3 
14% 150 22.4 21.4 42.3 29.8 
15% 150 24.4 23.0 44.7 31.7 


16% 130 26.2 24.2 46.4 32.5 
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In 1902 Bjelke-Petersen (1) made a study of the transverse growth of the 
extremities on male children at Hobart, Australia. Right and left limbs of fifty 
boys at each age from eight to fifteen years were measured. Central tendency 
analysis for yearly age groupings showed the right arm and forearm girths to be 
slightly and consistently larger than the arm and forearm girths of the left side. 
No consistent differences were found for the right and left girths of the thigh 
or leg. 

Seaver (15) summarized the limb girth research on American college men and 
women to 1909. He gave central tendency values for male students (average age, 
twenty years) at Amherst, Cornell, Washington and Jefferson, Wisconsin, and 
Yale, and for female students (average age, nineteen years) at Nebraska, Oberlin 
and V/ellesley. 

At each college the averages (means or medians) for arm, forearm, thigh 
and leg were found to be slightly higher for the right side of the body than for 
the left. For the left side, the male averages from the different colleges ranged 
between 24.8 and 25.8 cm. for arm, 25.8 and 26.1 cm. for forearm, 50.1 and 52.2 cm. 
for thigh, 33.9 and 35.0 cm. for leg. Corresponding averages for the females 
ranged from 22.6 to 26.4 cm. for arm, 21.6 to 22.6 cm. for forearm, 53.1 to 55.1 cm. 
for thigh, and 32.0 to 33.8 cm. for leg. Males thus consistently exceeded females 
in forearm and leg girths, whereas they were exceeded by females in circumfer- 
ence of thigh. 


In 1925 Hrdlicka (9) reported an analysis of data for maximum circumference 
of the left leg accumulated between 1910 and 1924 from measurement of 194 adult 
males and 64 adult females. The subjects were “Old Americans” (American whites 
whose parents and four grand-parents were born in the United States) of the 
clerical-professional classes. It was estimated that no less than 80 per cent. of the 
subjects were descended from the peoples of Great Britain and Ireland. They 
ranged in age between approximately 22 and 60 years of age. Measurements were 
made with the left foot so placed on a bench that the leg formed slightly more 
than a right angle with the thigh and the leg muscles were relaxed. Readings 
were taken with the anthropometric tape “snugly around the leg but not tightly 
enough to cause an impression.” Obtained averages were 36.1 cm. for males and 
35.5 cm. for females. The male observations ranged between 30.2 cm. and 45.3 
cm., the female observations between 30.7 cm. and 43.4 cm. Hrdlitka concluded: 
“The mean values of the measurement as well as its distribution are closely alike, 
so that it may be said the legs in the male and female Old Americans are prac- 
tically equal, though in the female they contain more fat, in the male more muscle” 
(9, p. 344). Additional findings, obtained by variously subdividing the data, were: 
“The leg reaches its optimum development, on the average, in men at thirty, in 
women after forty” (9, p. 349). “The tall of both sexes have absolutely the 
stouter legs. Relatively to stature, however, the short have more calf than the 
tall” (9, p. 347). 

An investigation of growth in a large series of external dimensions during the 
fetal period was published by Scammon and Calkins (14) in 1929. The subjects 
were well-preserved Caucasion fetuses, undifferentiated as to sex. Circumference 
of arm was “taken at the level of the greatest thickness of the arm below the in- 
sertion of the deltoid muscle” (14, p. 225); forearm and leg girths were made at 
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“the maximum circumferences” of the respective segments; and “circumference 
of the thigh was measured just below the gluteal sulcus in the horizontal plane” 
(14, p. 247). The authors note that all measurements were taken on the right 
limbs and that “a very slight uniform pressure was used in taking all circum- 
ferences for the purpose of removing any slack in the measuring tape and at the 
same time avoiding any compression of the part” (14, p. 8). Girth means at birth, 
calculated from empirical equations, were given as 8.9, 9.0, 14.3 and 10.0 cm. for 
arm, forearm, thigh and leg, respectively. 

In 1929 Franzen (6) reported means for arm and leg girths taken on ten-year- 
old school children—gog girls and 788 boys. Leg girth was measured at the largest 
part of the bare calf with the leg hanging relaxed. Arm girth was determined 
over the biceps muscle with the upper extremity in two positions: (1) flexed, the 
tips of the subject’s fingers touching his shoulder with the arm muscles relaxed 
as much as the position would allow; and (2) extended, the limb hanging loosely 
at the side of the body. The recorded drm circumference represented an average 
of the two measurements. The girths were taken with a steel tape having a 
Gulick spring handle and sufficient tension applied to cause the mark on the plunger 
to appear. Obtained means for circumference of the right arm were 19.4 cm. for 
both boys and girls. The leg circumference means were 27.8 cm. for girls and 
27.4 cm. for boys. 

A study giving girth means for arm and leg of ten-year-old Porto Rican 
children (902 females and 879 males) was reported by Mitchell (11) in 1932. 
The same measurement technique as used by Franzen was employed. The obtained 
means were slightly lower for Porto Rican boys than girls and were below the 
means secured by Franzen for children of the United States by 2.0 cm. for arm 
girth and 2.5 cm. for girth of leg. Additional findings of Mitchell were that Porto 
Rican private school children exceeded public school children, and urban children 
exceeded rural children, in mean circumference of arm and leg. 

In 1932 Bowles (2) published an analysis of measurement data for girths of 
arm, forearm, thigh and leg taken on college men ard women. The data on males 
were accumulated at Harvard University between 1870 and 1917, while the data 
for females were collected from four eastern women’s colleges. Both samplings 
were considered to represent North European stock and the professional-managerial 
class. Method of measurement was not discussed. College women were found to 
exceed college men in thigh girth and to be exceeded by college men in the remain- 
ing three girths. Harvard fathers (men who later had sons in attendance at 
Harvard) were found to have smaller mean limb circumferences throughout than 
had their sons. These findings may be verified from the following tabulation : 


Observa- Mean Age, Arm Forearm Thigh Leg 
Sample tions Years Girth Girth Girth Girth 
Centimeters 
College women 18.8 25.9 22.2 54.1 33-3 
Harvard fathers . 20.4 25.8 §2.1 35.1 
Harvard sons 4 30.8 26.8 53-9 35.6 


The literature reviewed above shows wide gaps in our anthropometric 
knowledge of the transverse growth of the extremities between birth 
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and eighteen years of age. It appears that not a single investigation, 
for males or females, has been reported covering the age period from 
two to eight years and that but sparse study of females has been made 
at any age. 


DATA 


The data of the present investigation consist of 2,373 measurement 
values each for arm, forearm, thigh, and leg girth on 771 Iowa City 
white females and 2,897 measurement values each for like dimensions 
on 1,013 Iowa City white males. These data were obtained from 
physical measurement records made at the University of Iowa infant 
laboratories, preschool laboratories, elementary school, and high school. 
They represent observations accumulated during the five-year period 
from 1930 through 1935 by the anthropometric staff of the Iowa Child 
Welfare Research Station. The records were taken from the files in 
serial order and all limb circumference readings were accepted for tabu- 
lation unless marked as applying (1) to individuals of Negroid or Mon- 
goloid races or (2) to white individuals appearing to lie outside the 
normal zone for physical build. 


Information on country of birth of the parents and on occupation 
of the father is available for approximately 50 per cent of the subjects. 


Analysis of the material for these items yielded the following tabulations: 


Country of birth of parents 


Per cent 
Males Females 
One or both parents born m: 
United States 


North European countries 
South Europe (including Russian Jews) 
Both parents born in United States 


Occupation of father 


Per cent 
Males Females 
Professional (mainly members of university faculty) 
Business proprietors, managers, salesmen 
Skilled trade employees 
DENIS, 2s Wants con édededcesbbaltneelabiaakenkiacevinkell 
Clerks, carriers, etc 
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It is evident from these figures that in addition to being homogeneous 
with respect to geographic location the sample of white children em- 
ployed represents a population that is predominantly composed of the 
professional and managerial classes and is almost entirely of North Euro- 
pean ancestry. 


TECHNIQUE OF MEASUREMENT 


Position of subject. Children too young to assume a standing posi- 
tion were supported by an assistant in positions varying between supine 
and erect (depending on the development of the infant). The anthro- 
pometrist considered an extremity to be in readiness for measurement 
when it was extended approximately parallel with the long axis of the 
trunk and when its musculature was relatively relaxed. Subjects be- 
yond two years of age were measured in the erect position. The upper 
extremities hung at the sides of the body in a relaxed condition. The 
feet were spread about 6 inches apart and the body weight was equally 
distributed on the lower extremities. 


Instrument. A steel millimeter tape was employed in measurement 
of each of the four limb circumferences. The tape was applied with 
sufficient tension to make firm contact with the skin and yet avoid 
compression of the tissues. 


Area of Measurement. All measurements were made on the left 
extremities of the body except those for newborn infants. The new- 
borns! were necessarily measured on the right side since they were 
vaccinated on the left. 

Arm circumference was measured near the middle of the humerus, 
at the level of the greatest girth bisecting the biceps muscle and below 
the insertion of the deltoid muscle. Circumference of forearm was 
taken at the level of the greatest girth immediately below the elbow 
joint. 

Measurement of thigh girth was made just below the gluteal sulcus 
and approximately in the horizontal plane. Girth of leg was measured 
at the maximum circumference of the calf and roughly at right angles 
to the vertical plane. All readings for both upper and lower extremities 
were taken on the nude limb. 


*A group of fifty males and fifty females measured between twenty-four and 
forty-eight hours following delivery. 
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DIMENSIONAL FINDINGS 
Central tendency 


Tables 1 to 8 give means? for each of the four limb circumferences 
specified with reference to sex, at frequent age intervals between 
birth and eighteen years of age. Examination of these eight series 
of means for Iowa City children shows: 


1. The two girths of the upper extremity are smaller than either 
of those of the lower extremity for both males and females throughout 
the entire age period studied. 


2. For females, forearm girth exceeds arm girth between birth 
and four years of age. At five years of age the two girths are identical, 
and from six to eighteen years forearm girth is exceeded by arm girth. 
For males, forearm girth exceeds arm girth between birth and seven 
years and again between thirteen and sixteen years of age. At eight 
years of age the obtained means for the two girths are identical. It is 
a commonplace that thigh girth is larger than leg girth at all ages from 
birth to eighteen years. 


3. The forearm circumference of females is less than the forearm 
circumference of males throughout the entire age period studied. In 
contrast, thigh circumference of females is greater than thigh circum- 


ference of males during the age span from two and one-half years to 
eighteen years. Marked sex differences are not evident for girths of 
arm or leg until around eleven years of age. From the twelfth through 
the fourteenth years females exceed males in both these dimensions. 
Beyond sixteen years males decidedly exceed females in mean magnitude 
of arm and leg girth. (See central tendency curves, Figures 1 to 4.) 


The following tabulation illustrates findings which accrue when each 
series of means is referred to its respective value at birth (1.e. the mean 
at two days of postnatal age). The ages at which birth size is doubled 
and the percentage increases between birth and eighteen years of age 
are given. 


*The means were calculated as the sum of the measurement values within a 
given age interval divided by their number. This procedure was followed since 
the authors consider it advisable to eliminate the error of grouping from means 
which are intended to be used for obtaining percentage increments. The standard 
deviations and standard errors of the mean given in Tables 1 to 8 were derived, 
as is customary, from frequency distributions. 
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Birth size 
doubled Percentage 
Measurement Age (years) Increase 

Females Males Females Males 

II 127 155 

10 153 167 

5% 223 220 

5 208 220 
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Fic. 1. Curves or CENTRAL TENDENCY ILLUSTRATING THE 
Mean Growts or Iowa City CHILpREN 1n CirncuM- 
FERENCE OF ARM. 

Tables 1 and 2 give the series of means to which these trends 

were drawn 
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TABLE 1 


Arm girth (centimeters): mean, standard error of mean, standard 
deviation, coefficient of variation, and range for thirty-one dis- 
tributions of Iowa City white females, covering the age 
period from birth to eighteen years 





MEAN AGE 

GROUPING STANDARD 

ERROR OF Ss. 
MEAN 


Year 
Month 
Day 





58 , ’ ‘ 10.9 
21 . \ 14.5 
14 ‘ . . 16.8 
Io . F 16.3 
II r . , 16.5 
14 z . d 18.3 
12 ’ . . 16.3 
.13 j . j 16.2 
12 j . . 16.7 
.13 P y . 16.3 
17.1 

16.5 

18.0 

18.5 

18.4 

18.8 

19.8 

23.2 

22.9 

25.0 

24.2 

14.5 to 24.6 

15.0 to 25.1 

16.6 to 25.1 

17.0 to 27.3 

17.3 to 31.0 

17.6 to 32.5 

18.6 to 36.0 

19.2 to 35.5 

18.8 to 34.1 

20.2 to 34.4 
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POREaAaM GIRATH IN CENTIMETER 





























Fic. 2. Megan MacGnitupe Curves ror Forearm GirTH oF 
Iowa Crtry Wuire CHILDREN. 


The values on which the graph is based are given in Tables 
3 and 4 


Considering the means obtained at eighteen years of age as “matur- 
ity” values, it is found that arm and forearm girths for both males and 
females attain 50 per cent of their adult size by the close of the first six 
months following birth. A like percentage of maturity for circumfer- 
ence of leg is reached by one year of age and for circumference of 
thigh by one and one-half years. 
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TABLE 2 


Arm girth (centimeters): mean, standard error of mean, standard 
deviation, coefficient of variation, and range for thirty-one dis- 
tributions of lowa City white males, covering the age 

period from birth to eighteen years 





MEAN AGE 
GROUPING 


Year 


Month 
Day 





0 
0 
0 
0 
I 
I 
I 
I 
2 
2 
2 
2 
3 
3 
4 
4 
5 
5 
6 
7 
8 
9 
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THIGH GaTu in CcEenrimerTreans 














Fic. 3. Cenrrat Tenpency Ptors ror THicH CIRCUMFERENCE 
or Iowa Crry MALES AND FEMALES. 


The series of means to which these curves were drawn are 
shown in Tables 5 and 6. 


Variability 


At all ages and for both sexes, the standard deviations are least for 
forearm, intermediate for arm and leg, and greatest for thigh. Con- 
sistent characteristics of the standard deviation series are minimal values 
during the third and fourth years following birth and maximal values 
around fourteen to fifteen years for females and thirteen to eighteen 
years for males. 
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TABLE 3 


Forearm girth (centimeters): mean, standard error of mean, standard 
deviation, coefficient of variation, and range for thirty-one dis- 
tributions of Iowa City white females, covering the age 

period from birth to eighteen years 





MEAN AGE 

GROUPING STANDARD 

MEAN ERROR OF  S. D. Cc. OF V. 
MEAN (Per cent) 


Year 
Month 


Day 





9.86 d 5.3 8.7 to 10.9 
11.62 J 10.4 7.8 to 14.7 
13.23 ‘ 8.4 10.6 to 15.7 
13.61 j 5.9 11.6 to 15.6 
14.00 é : 68 11.6 to 16.5 
14.21 ‘ . 7.0 12.1 to 18.2 
14.36 “ 5.7 12.5 to 16.0 
14.62 4 j 5.5 12.9 to 16.3 
14.66 j 5.7 13.0 to 16.9 
14.78 : c 47 13.3 to 16.2 
15.01 P ‘ 48 13.5 to 16.4 
15.26 é j 5.3 13.5 to 16.8 
15.40 Z 5.2 13.7 to 17.2 
15.92 j j 48 14.3 to 17.7 
16.25 é d 5.2 14.5 to 17.9 
16.25 ; , 5.9 13.8 to 18.0 
16.44 ‘ d 56 14.3 to 18.7 
16.75 , 6.7 15.0 to 22.7 
16.86 ; 7.0 15.2 to 23.6 
17.29 ‘ ‘ 15.0 to 23.4 
17.91 i : y 15.0 to 23.5 
18.36 . I 15.8 to 22.7 
18.83 ‘ : : 15.8 to 22.3 
19.48 ‘ : J 16.4 to 22.8 
20.43 d . 17.0 to 24.5 
21.00 . x ; 18.0 to 25.5 
21.87 i . 18.4 to 36.5 
22.33 ; Y 7 18.3 to 20.1 
22.58 : - 20.0 to 29.7 
22.43 : x , 18.8 to 29.0 
22.43 é . 20.2 to 29.3 
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L6G GIRTH IN CEeNnTimeTeay 

















Fic. 4. Curves oF CENTRAL TENDENCY ILLUSTRATING THE 
Mean GrowTH or Iowa City Curpren 1n Circum- 
° FERENCE OF LEG. 


Tables 7 and 8 respectively give the series of means to which 
these trends were drawn. 


The minimum value of each series of coefficients of variation for the 
limb girths of females occurs between two and four years of age. 
Corresponding minima for the four male limb circumferences are found 
between three and five years of age. Maxima occur at three to six 
months of age for both sexes and at approximately eleven years for 
males and fifteen years for females. For each sex, the minimum 
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TABLE 4 
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Forearm girth (centimeters): mean, standard error of mean, standard 
deviation, coefficient of variation, and range for thirty-one dis- 
tributions of Iowa City white males, covering the age 
period from birth to eighteen years 








MEAN AGE 
GROUPING STANDARD 
a CASES MEAN ERROR OF  S. D. Cc. OF V. RANGE 

s 6 > MEAN (Per cent) 
. = 6S 
0 ° 2 50 10.14 10 72 7.1 8.6 to 11.7 
0 3 0 61 12.48 13 1.05 8.4 10.0 to 15.0 
0 6 rs) 104 13.74 .10 1.03 7.5 11.1 to 16.6 
© 9 o 129 14.28 .08 95 6.7 12.2 to 168 
I o o 135 14.56 .08 95 6.5 12.§ to 17.1 
I 3 te) 123 14.67 .08 94 6.4 12.9 to 17.3 
I 6 0 102 14.80 .09 88 6.0 13.0 to 17.1 
I 9 o 905 14.96 10 .93 6.2 13.0 to 17.0 
2 0 o oI 15.18 .10 .92 6.0 13.3 to 17.5 
2 3 0 g! 15.36 10 .95 6.2 13.6 to 17.7 
2 6 o 81 15.27 10 86 5.6 13.3 to 17.2 
2 9 o 85 15.57 .09 82 5.2 13.9 to 17.4 
3 o 0 68 15.84 .09 75 47 14.3 to 17.7 
3 6 o 9! 16.24 .09 82 5.1 14.6 to 19.0 
4 re) o 98 16.49 .08 8&1 5.1 14.7 to 19.2 
4 6 o g! 16.61 .09 .90 5.4 14.6 to 18.3 
5 re) o 98 16.74 .08 82 4.9 14.9 to 18.7 
5 6 o 108 16.92 09 .97 5.7 14.4 to 19.1 
6 o o 93 17.29 10 1.01 58 15.2.to 20.3 
7 o o 102 17.80 12 1.18 6.6 15.3 to 22.3 
& 7) oO 93 18.45 13 1.22 6.6 15.§ to 22.0 
9 0 o oI 19.26 14 1.37 7.1 15.5 to 23.2 
10 o o 78 19.71 17 1.48 7.5 15.8 to 23.6 
It o o 72 20.35 .19 1.58 78 17.0 to 24.0 
12 0 0 70 20.81 17 1.45 6.9 17.8 to 25.2 
13 ° o 83 21.63 .19 1.69 78 18.1 to 25.9 
14 0 o 93 22.79 18 1.71 7.5 18.3 to 27.3 
15 rs) o 106 24.03 IZ 1.75 7.3 20.4 to 29.8 
16 o o 11S 25.01 1S 1.60 6.4 20.5 ot 29.9 
17 o o 118 25.49 IS 1.60 6.3 21.0 to 30.2 
18 0 0 82 25.83 -19 1.70 6.6 21.3 to 30.0 
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TABLE 5 


Thigh girth (centimeters): mean, standard error of mean, standard 
deviation, coefficient of variation, and range for thirty-one dis- 
tributions of Iowa City white females, covering the age 

period from birth to eighteen years 





MEAN AGE 

GROUPING STANDARD 

MEAN ERROR OF S. Dz Cc. OF V. 
MEAN (Per cent) 


Month 


Dey 





5.6 14.5 to 187 
17.0 to 28.9 
18.7 to 31.0 
20.§ to 328 
20.2 to 31.9 
21.0 to 318 
23.0 to 31.0 
22.6 to 30.9 
23.5 to 31.6 
24.4 to 31.9 
23.9 to 34.0 
24.3 to 327 
26.0 to 34.5 
26.8 to 38.1 
28.4 to 37.6 
28.8 to 30.0 
28.7 to 30.0 
28.5 to 47.5 
30.2 to 45.9 
30.0 to §2.5 
31.0 to 53.5 
32.2 to $4.1 
35.0 to §2.2 
36.9 to 56.5 
38.5 to 58.0 
39.4 to 62.5 
49.4 to 69.5 
49.5 to 73.9 
43.0 to 76.3 
43.7 to 66.1 
44.0 to 66.5 
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TABLE 6 


Thigh girth (centimeters): mean, standard error of mean, standard 
deviation, coefficient of variation, and range for thirty-one dis- 
tributions of Iowa City white males, covering the age 
period from birth to eighteen years 





a Sere 
(Per cent) 


Year 
Month 
Day 





13.1 to 19.0 
17.6 to 27.0 
19.6 to 30.9 
19.0 to 32.0 
20.9 to 32.0 
21.9 to 31.5 
22.7 to 33.3 
22.9 to 33.3 
23.0 to 34.2 
24.0 to 33.4 
23.5 to 33.8 
24.2 to 33.6 
26.0 to 33.3 
25.8 to 34.8 
26.5 to 36.6 
27.9 to 37.2 
27.9 to 388 
28.4 to 39.6 
28.0 to 43.9 
28.8 to 48.4 
31.0 to 49.7 
32.0 to 51.6 
33-3 to 55.0 
35-3 to 55.2 
35.1 to 56.7 
36.1 to 58.2 
38.3 to 62.0 
39.9 to 67.7 
41.5 to 66.2 
40.2 to 66.5 
41.2 to 70.4 
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TABLE 7 


Leg girth (centimeters): mean, standard error of mean, standard 
deviation, coefficient of variation, and range for thirty-one dis- 
tributions of Iowa City white females, covering the age 

period from birth to eighteen years 





MEAN AGE 

GROUPING STANDARD 

MEAN ERROR OF 5S. D. Cc. OF V. 
(Per cent) 


Year 
Month 
Day 





58 6.0 8.5 to 10.9 
11.9 8.8 to 17.6 
8.4 13.0 to 20.0 
7.0 14.0 to 19.4 
7.9 13.8 to 21.0 
15.3 to 20.7 

15.0 to 21.5 

16.0 te 22.0 

16.8 to 22.2 

17.4 to 21.2 

17.8 to 22.2 

18.0 to 22.3 

18.5 to 23.5 

19.1 to 24.5 

19.4 to 24.8 

19.§ to 25.9 

19.2 to 26.0 

20.3 to 20.3 

20.5 to 30.6 

20.1 to 32.1 

21.9 to 33.0 

22.5 to 32.7 

22.6 to 33.6 

23.4 to 36.0 

23.5 to 34.5 

26.1 to 368 

21.7 to 42.2 

27.4 to 42.9 

28.8 to 43.7 

29.1 to 44.7 

28.5 to 42.6 
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TABLE 8 


Leg girth (centimeters): mean, standard error of mean, standard 
deviation, coefficient of variation, and range for thirty-one dis- 
tributions of Iowa City white males, covering the age 
period from birth to eighteen years 





MEAN AGE 

GROUPING STANDARD 

MEAN ERROR OF 5S. D.C. OF V. 
MEAN (Per cent) 


Year 
Month 


Day 





9.0 to 12.6 
11.8 to 18.0 
13.7 to 19.4 
13.2 to 20.5 
15.1 to 20.6 
15.1 to 21.5 
16.3 to 21.5 
16.6 to 21.8 
16.9 to 22.8 
16.8 to 23.1 
18.1 to 22.5 
17.1 to 23.0 
18.2 to 23.0 
18.0 to 23.5 
19.1 to 24.5 
19.3 to 24.9 
19.6 to 25.5 
20.0 to 26.3 
20.1 to 28.0 
20.9 to 30.3 
22.5 to 30.5 
22.2 to 33.2 
23.3 to 33.8 
23.5 to 35.8 
24.4 to 36.7 
24.7 to 38.0 
26.6 to 37.3 
27.9 to 40.4 
29.1 to 41.0 
27.2 to 41.0 
27.4 to 42.2 
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TABLE 9 


Percentage increases during thirty age intervals for each of four 
limb girths on Iowa City white females 








Quarterly Percentage Increments 


19.7 17.8 
12.4 13.9 
2.9 2.9 
3.9 2.8 
1.6 1.5 
1.2 II 
7 18 
1.0 2 
5 8 
2.5 1.5 
9 1.6 
1.9 1.0 








Semi-annual Percentage Increments 


3-5 3-4 
2.1 

— 

1.2 

1.8 


7 








Annual Percentage Increments 





3.8 2.6 
5.1 3.6 
3.1 2.5 
3.3 2.6 
4-6 3-5 
4-5 4.9 
4.1 2.8 
4.3 4.2 
2.5 2.0 
1.6 1.1 

2 — 7 

B a 
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TABLE 10 


Percentage increases during thirty age intervals for each of four 
limb girths on Iowa City white males 





AGE INTERVAL 


<— 
83 
> 





Quarterly Percentage Increments 


23.9 23.1 
0.4 10.1 
48 4.0 
2.3 1.9 

2 BD 
1.3 9 

8 1.1 
2.0 1.5 
1.4 1.2 
I.I 6 
1.3 1.9 
2.0 1.7 








Semi-annual Percentage Increments 





3.2 2.6 
1.3 1.5 
9 7 
2 8 
1.0 1.1 
28 2.2 





Annual Percentage Increments 


3.6 2.9 
43 3-7 
45 4.4 
2.7 2.4 
4.0 3.2 
2.0 2.3 
2.5 3.9 
4-5 5.3 
6.2 5.5 
3-5 4.1 
3-7 1.9 
2.9 1.4 
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Fic. 5. ANNUAL Rate or PERCENTAGE INCREASE IN Arm Cir- 
CUMPERENCE For Iowa Crry FEMALES. 


The point-to-point curve was derived from the values given in 
Table 9. The smoothed trend gives a semischematic repre- 
sentation of the relative acceleration-retardation rhythm 

for arm circumference of females. 


coefficients are least for forearm (4.7 per cent), intermediate for leg and 
arm, and greatest for thigh (5.9 per cent). Maximum values are 
smallest for forearm (10.4 per cent for females, 8.4 per cent for males), 
intermediate for leg and thigh, and largest for girth of arm (13.3 pet 
cent for females, 11.3 per cent for males). 
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Fic. 6. Rerative VeLocity or GrowTH ror GirtH oF ARM IN 
Iowa City MALEs. 


The percentage increment figures for arm girth shown in Table 
10 were used in constructing the point-to-point curve. The 
smooth trend minimizes the minor irregularities found 
for this dimension and emphasizes the major rate 
cycles. 


Wide individual differences are found. Males at the upper end of 
the forearm and arm distributions at three months of age are approxi- 
mately equal in these girths with males at the lower end of correspond- 
ing distributions at six years of age. Similarly, the females with the 
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Fic. 7. ANNUAL Percentace Rate or GrowTH In GirTH OF 
Forearm For Iowa City FemALes. 


The point-to-point curve was based upon the increment values 
for forearm girth given in Table 9. The smoothed curve 
represents the major phases of forearm growth. 


greatest arm girths at six years of age exceed the females with the 
smallest arm girths at eighteen years and the females with the smallest 
forearm girths at eighteen years are exceeded by the females with the 
largest forearm girths at six years of age. For females, the upper end 
of the thigh girth distribution at three months overlaps the lower end 
of the distribution for thigh girth at five years. For males, the upper 
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Fic. 8. Megan IncREMENT TREND, IN Per Cent Per YEAR, FoR 
Gretu or Forearm 1x Iowa City MALgs. 


The point-to-point curve was derived from Table 10. The 
smoothed trend brings out the relative growth rhythm for 
this measurment. 


end of the leg distribution at three months overlaps the lower end of 
the distribution for this girth at four years. Some males and females 
in our samplings have larger girths of both upper and lower limbs at 
six years than have some males and females in our eighteen-year 
samplings. 
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Fic. 9. Annuat Rate or Percentace INCREASE IN THIGH 
CIRCUMFERENCE FoR Iowa City FEMALES. 


The point-to-point curve was derived from the values given in 
Table 9. The smoothed trend gives a semischematic repre- 
sentation of the relative acceleration-retardation rhythm 
for thigh circumference of females. 


Percentage increment 


Percentage increment values, derived from the series of means given 
in Tables 1 to 8, are presented in Tables 9 and 10. These values cover 
the entire age period studied and were calculated by application of 
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Fic. 10. RevLative VELocity or GrowTH For GirtH oF THIGH 
tn Iowa Crty MALEs. 


The percentage increment figures for thigh girth shown in 
Table 10 were used in constructing the point-to-point curve. 
The smooth trend minimizes the minor irregularities 
found for this dimension and emphasizes the major 
rate cycles. 


Minot’s arithmetic formula® to the successive means for each limb girth 
on each sex. Since the means are obtained from age groupings of vary- 


*This formula required that the mean for a given limb girth at a given age be 
subtracted from the mean for the same girth at the next older age and that the 
difference be divided by the mean at the earlier age. 
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Fic. 11. ANNUAL PERCENTAGE RATE oF GRowTH IN GIRTH OF 
Lec ror Iowa Crry FEMALEs. 
The point-to-point curve was based upon the increment values 
for leg girth given in Table 9. The smoothed curve repre- 
sents the major phases of leg girth. 


ing size, it follows that different portions of the series of percentage 
increases represent unlike units of time. From birth to three years of 
age the percentage gains are in quarterly terms, between three and six 
years of age in semiannual terms, and above six years in terms of 
percentage increment per year. To facilitate visualization of the entire 
percentage-rate trend from birth to eighteen years of age, the quarterly 
values were multiplied by four and the semiannual values by two. 
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Fic. 12. MEAN INCREMENT TREND, IN Per Cent Per YEAR, 
ror GirtH oF Lec 1n Iowa City MALEs. 
The point-to-point curve was derived from Table 10. The 
smoothed trend brings out the relative growth rhythm for 
this measurement. 


Figures 5 to 12 show the resulting point-to-point trends in annual terms 
and also smoothed‘ trends based on the point-to-point values. Findings 
yielded by these graphs are as follows: 


‘A three-point, weighted method of smoothing was used. The formula for all 
but the extreme values was three times the figure to be smoothed plus the figure 
immediately above and the figure immediately below, this sum divided by five. The 
formula for the extreme values was three times the figure to be smoothed plus 
the figure immediately above or below, this sum divided by four. 





396 HUMAN BIOLOGY 


1. For females, there are maxima in percentage rate of growth of 
the four limb circumferences at birth, during the third year, between 
the sixth and the eighth years, and during the eleventh or twelfth years. 
Minima are found around two years of age, during the fifth year, in 
the ninth or tenth years, and at approximately seventeen years of age. 

2. For males, percentage increment maxima occur at birth, near 
the close of both the second and the third years, during the sixth to 
ninth years, and between the thirteenth and fifteenth years. Consistent 
minima are found in the first half of the second year, at approximately 
two and one-half years, during the fifth or sixth years, in the eleventh 
or twelfth years, and at about seventeen years of age. 

3. Marked similarities of the curves for all girths on both sexes 
are (a) an initial steep descent during the first year of postnatal life, 
(6) an accelerated growth rate at about three years of age which is 
unequaled at any later age, and (c) two roughly convex arcs covering 
the age period from the fifth to the seventeenth years. The earlier arc 
spans the period from the fifth through the ninth years for females and 
from the fifth through the eleventh years for males. The later arc 
descends at the eighteenth year to a rate of growth that is negligible 
for females but around 2 per cent per year for males. 


FINDINGS FOR SELECTED PROPORTIONS 
Limb girth ratios 


Table 11 gives ratios, specific for sex and year-of-age, of mean 
forearm girth to arm girth, mean leg girth to thigh girth, mean arm 
girth to thigh girth, and mean forearm girth to girth of leg. The 
findings which accrue from this table are: 

1. During the age interval from birth to eighteen years, the ratio 
of mean forearm circumference to mean circumference of arm decreases 
more than 10 per cent for females while for males it fluctuates within a 
narrow zone of 3 per cent. 

2. Mean leg circumference in percentage of mean thigh circum- 
ference, for females, increases from 65 at birth to 69 at two years and 
then gradually decreases to 62 at eighteen years. The male percentages 
are confined between 67 and 69 throughout the entire age span studied. 

3. For females, there is a gradual decrease in arm girth — thigh 
girth ratio and in forearm girth — leg girth ratio covering the first 
eighteen postnatal years. At birth mean forearm girth is 92 per cent 
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TABLE 11 


Limb girths: four ratios* derived from the yearly means for circum- 
ference of forearm, arm, thigh, and leg given in tables 1 to 8 





FOREARM GIRTH LEG GIRTH ARM GIRTH FOREARM GIRTH 
MEAN £68 ARM GIRTH THIGH GIRTH THIGH GIRTH LEG GIRTH 


Y 
snail Females Males Females Males Females Males Females Males 


Birth 103 65 60 
101 68 55 
101 69 
101 
100 
100 
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67 
68 
69 
69 
69 
69 
69 
68 
68 
68 
67 
67 
67 
67 
68 
68 
68 


93 67 
92 67 


* These ratios are given in terms of per cent. 
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of mean leg girth and mean girth of the arm is 58 per cent of mean 
girth of the thigh. The former figure is decreased by 24 and the latter 
figure by 12 at eighteen years of age. 

4. For males, the ratios of arm girth to thigh girth and forearm 
girth to leg girth decrease from birth to thirteen years, and then grad- 
ually increase to eighteen years.5 Forearm girth is 92 per cent of leg 


* These trends are strikingly similar to the trends obtained by Wallis (15) for 
intermembral index of Iowa City children. Wallis found the mean arm length— 
leg length index to decrease from birth to eleven and twelve years of age for 
females and males, respectively, and to increase beyond these ages to eighteen 
years. It should be noted that the present study yields girth relationships for the 
two extremities which parallel the length relationships obtained by Wallis in the 
case of males only. Our figures for females show no rise during the teen years 
but, rather, register a continuing fall. 
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TABLE 12 


Upper extremity: means for bi-condylar diameter of humerus*, ratios 
of mean bi-condylar diameter of humerus to mean girth of arm, 
and ratios of mean bi-condylar diameter of humerus to 
mean girth of forearm for Iowa City white children 
at each year of age from birth to eighteen 





BREADTH OF ELBOW BREADTH OF ELBOW 








MEAN AGE BREADTH OF ELBOW GIRTH OF ARM GIRTH OF FOREARM 
(Years) (Centimeters) (Per cent) (Per cent) 





Females Males Females Males Females Males 





Birth 2.11 22 21 
3.85 
4-19 
4.54 
4.62 
4.61 
4-74 
4.92 
5.10 
5.21 
5.31 
5-53 
5-79 
5-94 
6.04 " 
6.15 3 27 
6.17 t 27 
6.17 ’ 27 
6.04 ’ 26 


NRNRRRRRRERSSRKRKESE 
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*These means for bi-condylar diameter of the left humerus were obtained from 
distributions for Iowa City children covering similar age periods and containing 
approximately the same number of observations as were the means for girth of 
arm and forearm (see Tables 1 to 4). 


girth at birth, 70 per cent at thirteen years, and 73 per cent at eighteen 
years. Corresponding figures for arm girth in percentage of thigh 
girth are 60, 47, and 50, respectively. 


Limb breadth — limb girth ratios 


In order to secure some comparative findings for each extremity as 
to growth in circumference and in breadth, Tables 12 and 13 were pre- 
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TABLE 13 


Lower extremity: means for bi-condylar diameter of femur*, ratios 
of mean bi-condylar diameter of femur to mean girth of thigh, 
and ratios of mean bi-condylar diameter of femur to 
mean girth of leg for Iowa City white children 
at each year of age from birth to eighteen 





BREADTH OF KNEE BREADTH OF KNEE 


MEAN AGE BREADTH OF KNEE GIRTH OF THIGH GIRTH OF LEG 
(Years) (Centimeters) (Per cent) (Per cent) 








Females Males Females Males Females Males 





Birth " 3.25 19 
5.51 21 
6.13 


29 30 
31 3t 
3! 3I 
32 33 
31 33 
31 

31 
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19 
19 
19 
18 


7 
7 
9 
19 
29 
3) 
29 
20 
29 
28 
28 
28 
28 
28 
27 
27 
27 
27 
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*These means for bi-condylar diameter of left femur were obtained from dis- 
tributions for Iowa City children covering similar age periods and containing ap- 
proximately the same number of observations as were the means for girth of 
thigh and leg (see Tables 5 and 8). 
pared. The former table gives ratios of means for bi-condylar diameter 
of the humerus to means for circumference of arm and circumference 
of forearm. The latter table gives ratios of means for bi-condylar dia- 
meter of the fernur to means for thigh circumference and leg circum- 
ference respectively. The primary findings revealed by these tables 
are: 
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TABLE 14 


Means for stature*, ratios of mean arm circumference to mean stature, 
and ratios of mean thigh circumference to mean stature for 
Iowa City white children at each year of age from 
birth to eighteen years 





ARM GIRTH THIGH GIRTH 


MEAN AGE STATURE MEANS STATURE STATURE 
(Years) (Centimeters) (Per cent) (Per cent) 





Females Males Females Males Females Males 





Birth 49.20 50.20 20 20 34 33 
74.44 76.51 19 19 35 
86.99 88.53 17 17 32 
95.62 96.26 16 16 31 

102.53 103.32 16 16 32 
108.98 109.04 15 15 3! 
115.07 115.05 15 15 
120.99 121.91 15 15 
126.78 128.13 15 14 
132.59 133.71 14 14 
137.70 138.04 14 14 
143.67 143.20 14 14 
150.33 147.81 14 14 
156.01 153.31 14 14 
159.50 159.39 15 14 
160.78 165.15 15 15 
161.40 169.73 15 15 33 
161.45 173.51 15 15 33 
161.02 174.15 I5 15 33 


SSSSsSSSSSSSBSSSSERE 





*These means are taken from studies on Iowa City Males by Meredith (9) and 
Iowa City females by Boynton (3). The distributions from which the means 
were derived contained a greater number of observations throughout than did 
the limb girth distributions. 


1. Breadth of elbow for both sexes ranges between 21 and 30 per 
cent of girth of arm and girth of forearm during the age period from 
birth to eighteen years. Within the same age interval the breadth of 
knee has a mean size varying from 17 to 22 per cent of thigh girth 
and 27 to 33 per cent of leg girth. 

2. The ratios for the upper extremity show no consistent sex dif- 
ferences in elbow breadth/forearm girth. From the beginning of the 
seventh year through the eighteenth year, females have a slightly larger 
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arm girth in relation to their elbow breadth than do males. For the 
lower extremity, females have somewhat larger thigh and leg circum- 
ferences in relation to knee breadth throughout the age span from four 
to eighteen years. 

3. In general, the ratios for the upper and lower extremities 
increase from birth to three years of age and thereafter gradually 
decrease. It is thus found that the two limb girths of each extremity 
are largest in respect to a limb breadth for the same extremity at 
approximately the age when the limb girths are increasing at a faster 
rate than at any other time between two and eighteen years of age. 


Limb girth — stature ratios 


To compare growth in circumference of the upper and lower extrem- 
ities to growth in stature, Table 14 was compiled. This table expresses 
means for arm girth and thigh girth in percentage of means for stature. 
Girth of forearm and girth of leg means were also calculated as per- 
centages of stature means, but these figures are not included in the 
table since they showed no pertinent findings not revealed in the per- 
centage series for girth of arm. Findings for the four limb girths in 
percentage of stature are as follows: 

1. Girth of thigh ranges between 29 and 35 per cent of stature for 
both sexes, while girth of leg varies from 20 to 23 per cent and girths 
of arm and forearm between 14 and 20 per cent. 

2. The four girths show a decrease in percentage of stature for 
each sex from birth to the eighth year and a period of relative constancy 
between the ninth and the fourteenth years. A final interval of slight 
increase is found from fifteen through eighteen years for girths of arm, 
forearm, and leg. 

3. Over the entire age period studied females tend to show a larger 
thigh circumference in relation to stature than do males. This sex 
difference is particularly marked from fourteen to eighteen years of age. 
At eighteen years the male thigh circumference is 30 per cent of stature 
while the female circumference is 33 per cent. 


SUMMARY 


This study describes the growth of Iowa City white children with 
respect to circumference of arm, forearm, thigh, and leg during the 
period from birth to eighteen years. 
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The data consist of 2,373 measurement values for each girth on 771 
females and 2,897 parallel values on 1,013 males accumulated between 
1930 and 1935. The sample represents a population predominantly 
composed of the professional and managerial classes and is almost en- 
tirely of North European ancestry. 

Curves of central tendency show that the forearm circumference of 
females is less than that for males throughout the entire age interval 
studied, while the thigh circumference of females is greater than that 
of males at all ages from two to eighteen years. 

In general, absolute variability is least for forearm, intermediate for 
arm and leg, and greatest for thigh, whereas relative variability is least 
for forearm, intermediate for leg, and greatest for thigh and arm. 

Individual differences are marked. Some males and females in the 
samplings at six years of age have larger girths of both upper and 
lower limbs than have some males and females at eighteen years. 

Annual percentage increment curves for all girths on both sexes are 
characterized by an initial rapid descent during the first year following 
birth and a second maximum at about three years of age which is not 
exceeded at any later age. From the fifth year on, the curves take the 
form of two roughly concave arcs. The maximum of the second arc 
occurs about two years earlier for females (eleven to twelve years) 
than for males (thirteen to fifteen years). At eighteen years of age 
the rate of growth is found to be negligible for females and to fluctuate 
around 2 per cent for males. 

Numerous findings are reported for proportional relations between 
the limb girths studied, and for limb girth growth in comparison to 
growth of selected limb breadths and of stature. 
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THE QUANTITY OF CREATINE AND CREATI- 
NINE EXCRETED IN NORMAL 
HUMAN PREGNANCY? 


BY WALTER H. SEEGERS AND MARTHA POTGIETER 
Samuel S. Fels Research Institute, Antioch College, Yellow Springs, Ohio 





=. NCE Folin’s first work on the quantitative determination 
& 1 of creatine and creatinine, our knowledge of these meta- 


= : =) portant reviews of the subject are fully cited by ‘Beard and 
Borgen. (2). Much has been written and many experiments have been 
performed which were, or appeared to be, so contrived that a definite 
relationship could be shown to exist between a given variable and the 
metabolism of these substances; but as yet no extensive descriptive 
account of the quantities in which these substances are excreted in 
normal human pregnancy is available. 

The early work of Murlin (6) consisted of daily urine analyses of 
3 subjects during the last month of pregnancy and early puerperium. 
A limited number of figures are available in the work of Coons (4). 

From the available data it is difficult to state whether the excretion 
of creatinine and creatine varies with time in pregnancy, or how much 
variation there is from one day to another. Whether any change in 
the excretion of one of these metabolites can be explained by a com- 
pensatory change in the other also remains unknown. Hormones (9) 
(10) (11) influence the excretion and the quantities in which creatine 
and creatinine appear in the urine could conceivably reflect the activity 
of the gonads or anterior pituitary. 

With the view of establishing our information on a more precise 
quantitative basis, a considerable number of analyses were done at 
varying times and intervals during pregnancy, and the results treated 
statistically. The work consisted in part of a quantitative determination 


*This work was done at the Samuel S. Fels Research Institute for Study in 
Prenatal and Postnatal Environment, under the supervision of Dr. L. W. Sontag, 
Director. 
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of urine creatine and creatinine at 28-day intervals, and in part of 
consecutive daily determinations. In order to take into account the 
influence of protein in the diet (cf. Beard and Boggess, 2) food nitrogen 
analyses were made by the Kjeldahl method. Except when daily 
analyses were made the subjects ate a uniform diet for 3 successive 
days and a 24-hour urine sample was obtained on the third day. The 
diet of subject XIV was rigorously controlled. For 3 consecutive days 
she was repeatedly (7 times) given the same diet, quantitatively and 
qualitatively at 2-week intervals. In her case urine analyses were made 
on each of the 3 days instead of the last day only, and in addition, she 
was on a self-chosen and varied diet for 21 consecutive days during 
which time her food was also analyzed. Creatinine was determined by 
Folin’s micro-method, and creatine was converted to creatinine by 
autoclaving. 


TABLE 1 


Variation of creatine and creatinine excretion with time in pregnancy 





NUMBER OF TIME & CREATININE TIME & CREATINE 
ANALYSES* EXCRETION ** EXCRETION 





—.439+.11 —.229+.12 
+.113+.10 +.123+.10 
+.3762%.12 +.1682.15 





*The analyses for XIII were on specimens obtained within 48 days before 
delivery, and those for XIV within 119 days. All other analyses were done at 28 
day intervals. 


** Computed by the following formula: 





s¥F 
ay Probable error = 0.6745 (1—1") 


ae er va 


From Table 1 it can be seen that during the observation period— 
as early as 238, 197 and 161 days before delivery—there was no change 
in the excretion of either creatine or creatinine which can be related to 
a given time in pregnancy. Only subject XIII showed a tendency to 


*A more detailed account of the management of some of our subjects is given 
by Pyle and Huff (8). 





406 HUMAN BIOLOGY 

excrete greater amounts of creatinine (negative correlation) toward 
the end of pregnancy. It is the view of the authors, which has support 
in statistical figures, that this tendency can be explained by the marked 
increase in body weight during the observation period (time and body 
weight, r = —.96; time, body weight, and creatinine, R = +.44). 

The extent of the daily variability in excretion is given quantitative 
expression in Table 2. Without exception, the daily creatine excretion 
was more variable than the creatinine excretion. It is undoubtedly 
associated with a less stable metabolic mechanism than creatinine. The 
variation in creatinine excretion is comparable to that found for non- 
pregnant individuals (7). When subject XIV ate a uniform diet her 


TABLE 2 


Summary of data on daily nitrogen intake and daily 


creatine 


and creatinine excretion during pregnancy 





SUBJECT 


OF DAYS 


Z% 
Be 
3 
E 
a 
c} 
=< 
E 
< 


INTAKE (gms.) 


CREATININE 
EXCRETED (gms.) 


EXCRETED (gms.) 


COEFFICIENT OF VARI- 
ATION CREATININE 


COEFFICIENT OF VARI- 
ATION CREATINE 
CREATININE TO 
CREATINE RATIO 
PREDICTED URINE 
CREATININE *** 





uN N ON NI 


* * * 


3* 


26 
21 
XIV**** 21 
XI 3 


11.790.35 
10.36+0.62 
12.960.59 
12,870.09 


11,350.21 
13.510.05 
12.45 


1.4532+0.03 
0.837+0.001 
1.570+0.03 
1.4450.06 
1.1900.05 
1.2730.04 
1.247 
0.895+0.04 
0.9780.04 
0.9640.06 
1.212 


0.563+0.04 
0.939+0.02 
0.491 0.06 
0.39320.05 


0.4210.07 
0.800 
0.37520.09 
0.361 0.07 
0.436+0.08 
0.600 


Average 


w 
aw 
fos) 
_ 
& 


z 


é 


8 


2.51+0.21 





* Analyses made at 28-day intervals. 
** Average of all analyses made. 


*4* Cr. N = 12.7M*™. 


*#** On prescribed diet. 
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daily creatine excretion did not decrease in variability and the daily 
creatinine excretion continued to be second in variability to only 1 
other subject. Thus no effect of diet on the excretion of these meta- 
bolites was revealed here. In line with this special case, no significant 
correlation was found between nitrogen intake and creatine excretion 
or between nitrogen intake and creatinine excretion (Table 3). 

A relationship of possible importance is the relative daily quantities 
(Table 2) in which these substances were excreted. In the 9 cases the 
average daily creatinine to creatine ratio was 2.51 + 0.21. In view of 
the probable error, this is not a good prediction figure. Perhaps this 
ratio can be of practical value when its physiological significance is more 
fully understood. It is noteworthy that subject VI, with the low figure 
of 0.89 for this ratio, had an unusually low variability in daily creatinine 
excretion. 

Whether the absolute quantity of creatinine excreted during preg- 
nancy is usually different from that in the non-gravid condition 
cannot be shown adequately from our data. The average creatinine 
coeficient® in our group is higher than has usually been found for non- 
pregnant women. Of the 10 averages cited by McLaughlin and Blunt 
(5) only 3 are higher than the average of our group. On the other 
hand, in all cases except 1, less creatinine was excreted than is pre- 
dicted (see Table 2) by the equation derived from data collected on 
both male and female animals (3). In 3 cases it was possible to obtain 
more direct evidence by analyzing the urine in the post lactation period. 
These results compare with the averages in Table 2 as follows: 


Creatinine 
Subject III : 1.4530.03 
Subject VI , 0.8370.001 
Subject X q 1.570+0.03 


Two of these may be considered indecisive, but suggest a tendency 
toward a greater excretion during pregnancy. The post lactation urine 


*The creatinine excretion for mature animals of different species, varies 
directly with the 0.893 power of body weight (3) and hence an error is incurred 
in this coefficient. It is here retained for the purpose of facilitating comparison. 
The prediction equation also involves an error, of unknown magnitude, because it 
(0.893) applies only to mature animals, and the metabolism of pregnancy is not 
comparable to that of maturity. 

‘The figures in this column represent an average of two 24-hour post lactation 
excretions. The other figures are reproduced from Table 2. 
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of Subject VI contained 0.610 gms. of creatine, which explains, in part, 
her low creatinine to creatine ratio during pregnancy. 

The relationship between creatine and creatinine in pregnancy is 
apparently not simply explainable on the basis of an increased excretion 
of the one at the expense of the other. Only one significant correlation 
was found between the excretion of the two when the subjects were 
considered individually (Table 3). 


SUMMARY 


The daily creatine and creatinine excretion of nine normal human 
subjects was studied at various times during pregnancy. The variability 
in the excretion of creatinine was always less than that of the excretion 
of creatine, and the quantity of creatine or creatinine excreted does not 
appear to change appreciably with time in pregnancy. The average 
urinary creatinine to creatine ratio was 2.51 + 0.21. One subject ex- 
creted more creatine than creatinine during pregnancy, and after de- 
livery her daily creatine excretion was high. No correlation was found 
between nitrogen intake and the elimination of either creatine or 
creatinine. 


TABLE 3 


Correlations showing the relationships between protein intake, creatine 
excretion and creatinine excretion 





NITROGEN INTAKE AND NITROGEN INTAKE AND CREATINE AND 
SUBJECT CREATINE EXCRETION CREATININE EXCRETION CREATININE EXCRETION 
r 





—.087+0.29 
—.41320.21 +.0110.25 
—.47420.19 —.01§50.25 +.015+0.25 
+-.386+0.21 —.651 0.15 
—.2370.14 
—.2310.14 
—.210+0.12 
—.501+0.18 . i +.187+0.23 





* On same diet repeatedly. 
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ON THE MOMENT PRODUCT-SUMS OF 
CURTATE FREQUENCY DISTRIBUTIONS! 


BY RAYMOND PEARL 





I 


SN BIOMETRIC work it is sometimes desired to know the 


=j values of the standard constants—mean, standard deviation, 


=i etc.—not only for the entire frequency distribution as ob- 


| =| served, but also for this distribution less one or more of the 


end classes at one end or the other. The purpose of this paper is to 
present a time-saving short cut in the computation of the constants for 
such curtate distributions. 


II 


Let f,, fe, fs f, be the elemental frequencies, so that the whole 


size of the sample N = f, + f, + + f, = S(Z) in the usual 
terminology,? in which, and in all that follows below, S denotes sum- 
mation. 

Consider an original frequency distribution of the following sort 
for which the raw moments about the center of the class at the lower 
range end are desired, where x denotes deviations in class units from 
the origin, and Z denotes frequencies in general. 


Ill 


Consider next the curtate distribution derived from the original dis- 
tribution by dropping the first class of frequency f,. We shall then have 
the situation shown in Table 2, where the subscript cz indicates curtation 
by deletion of one frequency class. 


* From the Department of Biology of the School of Hygiene and Public Health, 
Johns Hopkins University, Baltimore, Maryland. 
*Cf. Pearl, R. Introduction to Medical Biometry and Statistics. Second 


Edit. 1930, p. 338 ff. 
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CURTATE DISTRIBUTION 


TABLE 1 


23" 








o 
I fs 
4hs 
ofs 
16 fs 


(nt) (n-1) fa (n-1) "fa (n-1) "fa (n-1) fo 





The raw moments about the arbitrarily chosen origin will then be 


S(Zx) 
S(Z) 


y= 


_ S(Z2*) 
S(Z) 


etc. 


TABLE 2 


Zakea Za ka 








(—1)fs (+1) f: 





0 oO 
Ifs 1fs 
afe 4fs 
3fs Ofs 


fe (n-s) (n-2) fe (n-2) "fe (n-3) "fa (n-2) “fe 





The problem now is to determine the sums of the columns of this 
distribution made curtate by dropping the first frequency class (that 
part of the table above the horizontal rule). 
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We have, plainly 
fq. = *— I, (#) 
and 
S(Za) = (S(Z)] — [fl- (##) 
Now, remembering that all 2s below the horizontal rule in Table 2 
are, in the nature of the case, positive, and all +s above the horizontal 
rule are negative, we have: 


S(Z)*- = S(Zx) — S(Z), 
from which must be subtracted 

fi(#—1) = f,(o—1) = —f:. 
This gives 

S(Zata) = S(Zr) — S(Z) + fi, (sz) 
which expresses the first moment product-sum of the curtate distri- 
bution in terms of the sums of the columns of the original distribution 


and the elemental frequency dropped in the curtation. 
Proceeding in the same manner to find the second moment we have, 


since 
He? = (4—1)? = #?—2r +1, 
S(Z)#e,? = S(Zx*) — 2S(Zx) + S(Z), 
from which as before must be subtracted 
f, (#—2*+1) = o—o+f,, 
giving as the end result, 
S(Ze,%e;?) = S(Zx*?) — 28(Zx) + S(Z) —f,. 


For the third moment we have, since 
Ho? = 8° — 3x7 + 3x — 1, 
S(Z)%e,3 = S(Z2) — 38(Zx*) + 35(Z%) — S(Z), 
from which, as before, we subtract 
f,(#® — 327+ 3x—1) = 0o—0+0—f,, 
which leads to 
S(Ze%e:°) = S(Zx*) — 35(2Zx?) + 3S(Zx) —S(Z) +f,- (9) 
Finally for the fourth moment product-sum we have. by the same 
procedure 
S(Zete*) = S(Zx*) — 48(Zx*) + 6S(Z22) — 48 (Ze) + 
S(Z) —fi. (os) 





CURTATE DISTRIBUTIONS 


IV 


A simple extension of the same process will give the moment product- 
sums, in terms of those for the original distribution, for a distribution 
made curtate by dropping any number of consecutive frequency classes 


from the original distribution. 


Consider as an illustration curtation by dropping the first two classes. 


TABLE 3 


Zea Fea 


Ze Fo 











(+4)fi 
(+1) fe 





(+16) fi 
(+ 1)fs 





0 
1fs 
4fs 


(n-3) fa (n-3) "fe (n-3) "fn 


0 


Ife 
16 fs 


(n-3) fo 





e 
vce — i-— 2, 


S(Zee) = [S(Z)] — [fi] — [fe]. 
Proceeding as before we have 
S(Z)4e = S(Zx) — 2S(Z), 
from which must be subtracted first 
f,(*—2) = f,(o—2) = —2f,, 
and then 
f.(*—2) = f.(1—2) = —7,. 
This leads to 
S(Zoe¥ex) = S(Zx) — 2S(Z) + 2f, + fe- 


(vit) 


(iz) 


Squaring and multiplying as before leads, for the second moment 


product sum, to 


S(Z)#e.7 = S(Zx*) — 45(Zx) + 45(Z), 
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from which are to be successively subtracted 
f,(+— 2)? = f,(o—0+4) = 4f,, 
and 
f.(*—2)? = f,(1—4+4) =f. 
Whence 
S(Zee¥er*) = S(Zx*) — 4S(Zx) + 45(Z) —4f1—fa-  (*) 


By parity of procedure we may write down directly 


S (Zee¥es*) = S(Zx*) —6S(Zx*) + 128(Zx) — 8S(Z) + 
8f. + fa, (+#) 


and 


S(Zes¥es*) = S(Zx*) — 85(Zx*) + 245(Z2*) — 325(Ze) + 
16S5(Z) — 16f, — fr. (xi) 


Since the same reasoning can be extended to any degree of curtation 
produced by dropping off frequency classes (provided the classes 
dropped are consecutive starting from either range end) the problem 
stated at the beginning appears to be solved. The moment product sums 
for any frequency distribution made curtate in the manner specified 
can be expressed in terms of (a) the moment product sums of the 
original distribution before curtation, and (b) the elemental frequencies 
dropped in curtation. 


Vv 


It is also possible, in the case of the simplest curtation (dropping a 
single terminal frequency class), to express the product-sums after 
curtation in terms of (a) the moment product sums of the original 
distribution, and (b) the lower order product sums of the curtate 
distribution. Thus, since S(Z,,) = S(Z) — f, equation (##) may be 
written 


S(Zeq%e,) = S(Zx) — S(Ze,). ( xtit) 
Similarly equation (iv) is the same as 

S(Ze%e,;7) = S(Zx*) — S(Zx) — S(Zeq 4c). (xiv) 
In the same way we may write: 

S(Ze%e*) = S(Z28) — S(Zx*) — 28(Ze,%0,”) — 

S(Ze.*e1) 
S(Zete*) = S(Zx*) — S(2%°) — 35 (Zer%e,°) — 
35 (Ze¥e1?) — S(Ze%e1) 
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VI 


Let us now check the results by the simple numerical example given 
in Table 4, which gives the product sums by direct arithmetic calculation. 


TABLE 4 
Original distribution 
Z:* Zx* 





Oo 

4 4 
32 128 
36 324 
32 512 
04 968 


Curtate (c1) distribution 


a Zata Zak'a Zak’a Zak‘a 





Curtate (c2) distribution 
tea Zer Ken Ler K*ce Zer ¥en Ze e2 


o 0 
4 4 

16 32 
14 i 36 





Now substituting sums from the original distribution we have: 


From (#), S(Z.,) = 20—2 = 18. 

From (i), S(Z%3) = 40 — 20 + 2 = 22; or from (2%) 
S(Ze%e,) = 40 — 18 = 22. 

From (iv), S(Z.,%e;7) = 140 — 80 + 20 — 2 = 42; or from (+i) 
S(Ze,%e:7) = 104 — 40 — 22 = 42. 

From (v), S(Ze4%e:°) = 304 — 312 + 120 — 20 + 2=> 94; or 
from (#v) S(Z,%0:2) = 304 — 104 — 84 — 22 = 94. 
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From (vt), S(Z¢,42,4) = 968 — 1216 + 624 — 160 + 20 — 2 = 234; 
or from (#vi) S(Ze,%,*) = 968 — 304 — 282 — 126 — 22 
= 234. 

From (wis), S(Z,.) = 20—2—4= 14. 

From (i7), S(Ze%e2) = 40—40+4+4= 8. 

From (+), S(Z2%-.7) = 104 — 160 + 80 — 8 — 4 = 12. 

From (#4), S(Zc24e.) = 304 — 624 + 480 — 160 + 16 + 4 = 20, 

From (xii), S(Zestes*) = 968 — 2432 + 2496 — 1280 + 320 — 32 

— 4 = 36. 


Thus it has been demonstrated that a biometric worker who has 
calculated the moment product-sums of a long frequency distribution, 
and who then wishes to get the corresponding moment product-sums for 
the same distribution made curtate to any desired degree, may save 
computational labor by the use of the equations set forth in this paper, 
or of similar equations for further degrees of curtation that he may 
derive by the further extension of the method here used. 
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NOTES 


NOTE ON A NEW SLIDING CALIPERS FOR 
CRANIAL MEASUREMENTS, INCLUD- 
ING INTERNAL DIAMETERS 





E calipers figured and described in this note are properly 
| to be regarded as a modification of the craniometer designed 
if’ many years ago by Flower and bearing his name. They 
==) embody such improvements as we think will result in 
obtaining certain metrical data on the skull with a precision greater than 
can be secured by means of the majority of instruments now in com- 
mon use. Their most original feature is a device enabling the cranio- 
metrician to measure readily internal diameters, that is to say, those of 
apertures, foramina and fossae. It has not hitherto been possible 
to accomplish this satisfactorily without resort to an engineers’ gauge 
of the “Columbus” pattern or to ordinary geometrical dividers, the 
reading in the case of the latter being ascertained by applying the points 
to a boxwood or similar scale after each measurement. For example, 
the foraminal breadth, which may be regarded as the greatest visible 
diameter of the foramen magnum perpendicular to the axis of its 
length, is usually taken with sliding calipers that have tips singularly 
ill-adapted for the purpose in view. There is some room for error here, 
and though this may be slight, no reason exists why it should not as 
far as possible be eliminated. Such elimination can be effected by 
employing an instrument that practically of itself furnishes the maxi- 
mum breadth of the foramen. With the present calipers this is easily 
achieved by placing the stationary short arm against one margin and 
then gently shifting the sliding socket along the bar until the sharp edge 
of the movable short arm is in contact with the other. A vernier on 
both sides of the socket allows the diameter thus obtained to be read to 
Imm. The calibrated length of the bar is the regular 250 mm., that 


¥ 


*Lest such a degree of accuracy should seem unduly meticulous, we do not 
pretend that repeated measurements of any character to a tenth of a millimeter 
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of the whole instrument 375 mm. and the breadth of the bar 18 mm. 
The distance between the tips of the long curved and the short straight 
arms is 84 mm. 

It is obvious that in attempting to determine the diameters of an 
aperture what we should engage to discover are the actual limits of the 
space enclosed by its margins and not distances between arbitrarily 
selected “points” on the sometimes blunt surfaces of these.* Not only 
does the new instrument greatly lessen the arbitrary factor in selecting 
such “points”, but it also serves to save time by removing the necessity 
of fixing upon them. Its remaining uses require no description, and 
it need only be said that it has been fully tested on the cleaned skull as 
well as upon the living head and has in every way been found satisfactory. 

The example shown in Figures 1 and 2 is made of stainless steel. 
This is a refractory medium to work in from the manufacturer’s point 
of view and results in a somewhat heavy instrument. Future instru- 
ments will be manufactured in a lighter stainless metal. 

We have to thank Mr. Walter Turnbull, head of the machine shop 
of New York University, Washington Square, New York, who at our 
instance undertook to construct the calipers, for his co-operation and for 
the ability with which he has executed a difficult task. Inquiries regard- 
ing the instrument should be addressed to Mr. Turnbull. 


M. F. Asuiey-Montacu and J. C. Trevor 
New York University and Exeter College, Oxford 


will invariably coincide. The point is that by using a grosser unit when the 
characters are of inconsiderable dimensions, much relevant information is un- 
necessarily lost and some difficulty often occurs in securing an adequate distri- 
bution of the observed values if variabilities or correlations are to be computed 
from them. Moreover, a finer reading of smal! absolute measurements than is 
customarily attempted will remove any tendency towards a “lumping” of the indices 
of which they are components. 

* The orbital height can be cited as an illustration. It is not desirable, however, 
to recommend the adoption of such a practice in the measurement of the nasal 
breadth. The sides of the pyriform aperture frequently slope outwards towards 
the margins and in the circumstances doubt is likely to arise concerning the 
extent to which the short arms of the instrument now described should be inserted 
to measure an internal breadth. In addition, no good purpose would be served 
by advocating a departure from the conventional method. So far as the 
foraminal length is concerned, the question of a strictly internal diameter need 
not be considered if a unique basion is defined as a terminal of this character, the 
basi-bregmatic height and the basi-nasal and basi-alveolar lengths. In_ this 
connexion, see Buxton and Morant, “The essential craniological technique,” Part [, 
Jour. Roy. Anthrop. Inst., Vol. 63, 1933, pp. 37-39. 
















. 2 Dimes WINS SS 8 


it 





1- Fic. 1. ANTERIOR RELATION OF CALIPERS 





PosTERIOR RELATION OF CALIPERS 























§ A 


RECENT LITERATURE 


USEFUL IN THE STUDY OF HUMAN BIOLOGY 








In this department will be noticed the books and reprints which are currently 
received at the Editorial Office. Publications intended for notice here should be 
addressed to Dr. Raymond Pearl, Department of Biology, School of Hygiene and 
Public Health, 1901 East Madison Street, Baltimore, Maryland, U.S. A. 


I. EVOLUTION AND GENETICS 
1. Evolution—General Principles 


ANDERMANN, Friepricu. Irrtum und Wahrheit der Biologie. Kritik der Abstam- 
mungslehre. Vienna, Leipzig and Bern (Verlag fiir Medizin, Weidmann and 
Co.), 1937. Pp. 282. 9% X 6% inches. RM. 12 (paper); RM. 14 (cloth) 
[Bibliographic footnotes. ] 

von BerTALANFFy, Lupwic. Das Gefiige des Lebens. Leipsig and Berlin. (B. G. 
Teubner), 1937. Pp. iv + 197. 9 X 6 inches. RM. 6.80; outside of Germany 
RM. 5.10. [Bibliography of 114 titles.] 

Cox, E. W. The Evolution of the Australian Merino. Sidney, New South Wales 
(Angus and Robertson), 1936. Pp. xxii + 160 + 31 plates. 10 X 7% inches. 
21s. 

Fortuyn, A. B. D. An analysis of environment. Zeitschrift fiir mikroskopisch- 
anatomische Forschung, Vol. 36, pp. 535-539, 1934. 

Fortuyn, A. B. D. Natiirliche Zuchtwahl, aber wie? Science Reports of the 
National University of Peking, Vol. 1, pp. 1-7, 1936. 

MatrHew, WituraM D. Paleocene Faunas of the San Juan Basin, New Mexico. 
Transactions of the American Philosophical Society held at Philadelphia for 
Promoting Useful Knowledge, New Series, Volume 13. Philadelphia (Ameri- 
can Philosophical Society), 1937. Distributed by University of Pennsylvania 
Press, Philadelphia. Pp. viii + 510 + 65 plates. 12 X 9% inches. $5.00 
(paper). [Bibliography of 5 pages.] 

Moony, Henry J. C. Evolution Out of Doors. A Study of Sex Differences and 
Animal Coloration. Edited and with an appendix by J. R. de la H. Marett. 
Photographs by Cherry and John Kearton. London (Hutchinson’s Scientific 
and Technical Publications), 1937. Pp. xx + 248 + 30 photographs. 8% x 
5% inches. 15s. net. [Bibliography of 3% pages.] 

Woops, Henry. Palaeontology. Invertebrate. Seventh Edition. Cambridge 

(The University Press); New York (The Macmillan Co.), 1937. Pp. 475. 

7% X 4% inches. $3.25. [List of “Palaeontological Works” of 21 pages.] 











420 HUMAN BIOLOGY 


2. Human Evolution 


Dreyer, T. F. Late Stellenbosch or South African Acheulean Man. Zeitschrift 
fiir Rassenkunde, Bd. 5, p. 320, 1937. 

Lesze.ter, V. Die Typen der Art- und Rassenbildung. Zeitschrift fiir Rassen- 
kunde, Bd. 5, pp. 174-175, 1937- 

Motiison, TH. Die Bedeutung neuerer fossiler Menschenfunde. Bericht der 52, 
Tagung der Deutschen Gesellschaft fiir Anthropologie, Ethnologie und 
Urgeschichte in Speyer 1934, pp. 52-64 + 3 plates. 

Nicotite, CHartes. La Destinée Humaine. Paris (Librairie Félix Alcan), 1936. 
Pp. viii + 98 73% X 4% inches. 1.20 francs (paper). [Bibliographic 
footnotes. ] 

Rivet, Paut [Editor.] L’Espéce Humaine. Encyclopédie Francaise, T. 8. Paris 
(Comité de I'Encyclopédie Francaise Editeur), 1936. Pp. 618. 11% X 9% 
inches. 110 francs. 


3. Prehistory and Archaeology 


Core, Fay-Coorer, and THorne Dever. Rediscovering Illinois. Archaeological 
Explorations in and around Fulton County. Chicago (University of Chicago 
Press), 1937. Pp. xvi + 205 + 36 plates. 9% x 6% inches. $2.00. 


4. Genetics—General Principles 


Jennincs, H. S. Fundamental units in biology. Science, Vol. 84, pp. 445-450, 
1936. 

Trmorterr-Ressovsky, N. W. Experimentelle Mutationsforschung in der Verer- 
bungslehre. Beeinflussung der Erbanlagen durch Strahlung und andere 
Faktoren. Dresden and Leipzig (Verlag von Theodor Steinkopff), 1937. Pp. 
x + 181. 9 X 6 inches. RM. 15 (paper); RM. 16.50 (cloth). [Bibliography 
of 28 pages.] 


5. Human Heredity 


Fortuyn, A. B. D. Inheritance of harelip and cleft palate in man. Genetica, 
Vol. 17, pp. 349-366, 1935. 

Fortuyn, A. B. D. Two methods of studying human genetics. Eugenical News, 
Vol. 21, pp. 50-52, 1936. [Bibliography of 3 titles.] 

Lesze.ter, V. Blutgruppenforschung und Rassenbildung. Zeitschrift fiir Rassen- 
kunde, Bd. 5, p. 315, 1937. 

Motutson, TH. Die serologischen Beweise fiir eine chemische Epigenese in der 
Stammesgeschichte des Menschen. Archiv fiir Rassen- und Gesellschafts- 
biologie, Bd. 30, pp. 457-468, 1936. [Bibliography of 12 titles.] 

NewMan, Horatio H., Frank N. Freeman, and Kari J. Horzincer. Twins, A 
Study of Heredity and Environment. Chicago (University of Chicago 
Press), 1937. Pp. xvi + 360. 9% X 6% inches. $4.00. [Bibliographic 
footnotes throughout. ] 








R 


hrift 


ssen- 














RECENT LITERATURE 421 


yon VeRsScHuER, O. F. Erbpathologie. Ein Lehrbuch fiir Arzte. Dresden and 
Leipzig (Verlag von Theodor Steinkopff), 1934. Pp. vi + 213. 9% X 6% 
inches. RM. 8. (paper); RM. 9.20 (cloth). [Bibliography of 14 pages.] 


6. Eugenics 


Frets, G. P. Het sterilisatievraagstuk in Nederland in de Jaren 1934-1936. 
Nederl. Tijdschrift voor Geneeskunde, Jaar. 80, pp. 4803-4901, 1936. [Biblio- 
graphic footnotes.] 

MuCKERMANN, HERMANN. Eugenik. Berlin (Ferd. Diimmlers), 1934. Pp. viii 
+ 173 + 8 plates. 9 X 6% inches. M. 4.40. [Bibliography of 6% pages.] 
Saytes, Mary B. Substitute Parents. A Study of Foster Families. New York 
(The Commonwealth Fund) ; London (Oxford University Press), 1936. Pp. 

viii + 300. 9 X 6 inches. $1.75. 


II. GROUP BIOLOGY 


1. Environment of Man 


AusreEvILLE, A., A. Barsey, E.-N. Barcray, C. Bressov, P. CHovarp, J. et M.-L. 
Durrenoy, F. Evrarp, A. Feurtrée-Britior, J. Fupakowsx1, H. HumMsert, 
L. Joreaup, A. Jousert, L. Lavaupen, P. Marré, G. Petit, P. De Pevertrm- 
Horr, E.-G. Racovitza, M. Tariron, C. Vators, V. VAN STRAELEN, and P. 
Vayssizre. Contribution a lI’Etude des Réserves Naturelles et des Parcs 
Nationaux. Paris (Paul Lechevalier), 1937. Pp. 246 + 46 plates. 10 x 6% 
inches. 100 francs (paper). [Bibliographic footnotes. ] 

MarsHALL, Ropert. The universe of the wilderness is vanishing. Nature Maga- 
sine, April, 1937. Pp. (of reprint) 6. 

Matroon, Witsur R. Forest Trees and Forest Regions of the United States. 
U. S. Department of Agriculture Miscellaneous Publication No. 217. Wash- 
ington (Government Printing Office), 1936. Pp. 54 + 14 plates. 9% xX 5% 
inches. 15 cents (paper). 

Mus, C. A. Physical environment and effective man power. The Military 
Surgeon, Vol. 80, pp. 331-338, 1937. [Bibliography of 3 titles.] 

Mus, C. A. Some considerations of climatic and weather influences as applied 
to military medicine. Address delivered at the Monthly Medical Meeting, 
Army Medical Center, Washington, January 18, 1937. Pp. (of reprint) 14. 
[Bibliography of 5 titles.] 

Mus, C. A. “Lepra reaction and meteorotropism”. International Journal of 
Leprosy, Vol. 4, p. 106, 1936. 

PererseEN, WILLIAM F., and MarcaretT E. Miurken. The Patient and the 
Weather. Volume IV, Part I. Organic Disease. Cardio-Vascular-Renal 
Disease including a chapter on Experimental Endocarditis by Alexander J. 
Nedzel. Ann Arbor, Mich. (Edwards Bros.), 1937. Pp. xxxiv + 663 + 19 
plates. 10% x 8% inches. $10.00. 

Rossins, Witrrep W., and Francis RAMALEy. Plants Useful to Man. Second 

Edition. Philadelphia (P. Blakiston’s Son and Co.), 1937. Pp. ix + 422. 

8% X 5% inches. $3.50. [List of general works for reading and reference 

of 1% pages.] 











422 HUMAN BIOLOGY 


U. S. Department or Acricutture. Agricultural Land Requirements and Re- 
sources. Part III of the Supplementary Report of the Land Planning Com- 
mittee of the National Resources Board. Washington (Government Printing 
Office), 1935. Pp. v + 64 + 2 folding maps. 11% X 9 inches. 60 cents 
(paper). 

Wacner, Pause M. Wine Grapes. Their Selection, Cultivation and Enjoyment. 
New York (Harcourt, Brace and Co.), 1937. Pp. xii + 298 + 8 plates. 8 x 
5% inches. $2.50. [Bibliography of 5% pages.] 

Watrorp, Lioner A. Marine Game Fishes of the Pacific Coast from Alaska to 
the Equator. Berkeley (University of California Press), 1937. Pp. xxix + 
205 + 69 plates. 11 X 8 inches. $5.00. [Bibliography of 2 pages.] 


2. Public Health and Hygiene 


Aparr, F. L. [Editor.] Maternal Care. The Principles of Antepartum, Intra- 
partum, and Postpartum Care for the Practitioner of Obstetrics. Approved 
by The American Committee on Maternal Welfare, Inc. Chicago (University 
of Chicago Press), 1937. Pp. v + 93. 7% X 5% inches. 25 cents (paper) ; 
$1.00 (bound). 

Boupreau, F. G. The international campaign for better nutrition. Milbank 
Memorial Fund Quarterly, Vol. 15, pp. 103-120, 1937. [Bibliography of 10 
titles.] 

British Cotumsia, Province of. Fortieth Report of the Provincial Board of 
Health for the Year Ended December 31, 1936. Victoria, 1937. Pp. 40. 
10% X 7% inches. 

BartisuH Cotumsata, Province of. Twenty-Fifth Report of the Medical Inspection 
of Schools for the Year Ended June 30, 1936. Victoria, 1937. Pp. 57. 10% 
xX 7% inches. 

Epuraim, Jerome W. Take Care of Yourself. A Practical Guide to Health and 
Beauty. Stressing the Proper Way to Use and the Prudent Way to Buy 
Home Remedies and Cosmetics. Foreword by Logan Clendening. New York 
(Simon and Schuster), 1937. Pp. xvi + 287. 8 xX 5% inches. $2.00. 
[Bibliographic references at end of each chapter.] 

Gupakunst, Don W. School health inspection by teachers. Milbank Memorial 
Fund Quarterly, Vol. 15, pp. 139-149, 1037. 

HICKMAN, CLEVELAND P. Physiological Hygiene. New York (Prentice-Hall 
Co.), 1937. Pp. xxvi + 493. 8 X 5% inches. $3.25. [Bibliography of 11 
titles.] 

Inpra. Annual Report of the Public Health Commissioner with the Government 
of India for 1934, Volume 1. Delhi (Manager of Publications), 1936. Pp. 
ix + 358 + 4 maps + 8 charts. 9% xX 6% inches. Rs. 6, As. 2 or 10s. 
(paper). 

Keerer, Mary W. Preparing the crippled child for his future. Public Health 
Nursing, April, 1937. Pp. (of reprint) 4. 

New York State DeparTMENT oF HeattH. Annual Report of the Division of 
Laboratories and Research. Albany, 1936. Pp. 80 + 1 folding chart. 9 x 5% 
inches (paper). 




















RECENT LITERATURE 423 


Se.trer, Henrzi, and R. H. Hazemann. La Santé Publique et la Collectivité. 
Hygiéne et Service Social, Coordination. Rapport générale de la Commission 
d’Hygiene de la III* Conférence du Service Social, Londres, Juillet 1936. 
Bruxelles (Ministére de la Santé Publique), 1936. Pp. 72. 8% xX 6 inches. 
1936. 

SrouMAN, K., and I. S. Farx. Health indices. Milbank Memorial Fund Quarterly, 
Vol. 15, Pp. 173-195, 1937. 

Unprrwoop, Ferrx J. Public Health and the Venereal Diseases. Jackson (Mis- 
sissippi State Board of Health), 1937. Pp. 8. 9 X 6 inches. 

{WaLraTH, Joun.}] Annual Report of the Cattaraugus County Department of 
Health for the Year 1936. Olean, N. Y., 1937. Pp. 68. 9 X 6 inches. 

WituiaMs, Huntincton. Dentistry, medicine and public health. Journal of the 
Baltimore College of Dental Surgery, Vol. 1, pp. 5-8, 1937. 


3. Migration 


Hennic, R. Uber den “semitischen” Typus bei den Papuas. Zeitschrift fir 
Rassenkunde, Bd. 5, pp. 181-183, 1937. [2 bibliographic footnotes.] 


4. Population 


Baxer, O. E. Significance of population trends to American agriculture. Mil- 
bank Memorial Fund Quarterly, Vol. 15, pp. 121-134, 1937. 

Biacxer, C. P., and D. V. Grass. The Future of Our Population. London (The 
Population Investigation Committee), 1937. Pp. 30. 8% X 5% inches. 
Sixpence (paper). 

BopENHEIMER, F. S. The Biological Background of Human Population Theory. 
Palestine, 1936. Pp. 157. 9 X 6 inches. [Bibliography of 35 titles.] [In 
Hebrew.] 

BuREAU OF THE CENSUS. State and Special Censuses since 1930. Washington, 
D. C., May 29, 1937. p. 1. 

CrarK, Frances N. Fishing localities for the California Sardine, Sardinops 
caerulea, 1928-1936. Fish Bulletin No. 48. Division of Fish and Game of 
California, Bureau of Commercial Fisheries. Contribution No. 158 from the 
California State Fisheries Laboratory. Sacramento, 1937. Pp. 11 + 3 folding 
charts. 

Cowes, R. P., and C. E. Brampet. A study of the environmental conditions in 
a bog pond with special reference to the diurnal vertical distribution of 
Gonyostomum semen. Biological Bulletin, Vol. 71, pp. 286-298, 1936. [Bib- 
liography of 31 titles.] 

Evce, P. Granvitte. The demography of British colonial possessions. Journal 
of the Royal Statistical Society, Vol. 100, pp. 181-231, 1937. [Bibliographic 
footnotes. ] 

Emerson, ALFrep E., and ELEANor Fisu. Termite City. Foreword by William 
Beebe. Illustrations by Keith Ward. New York (Rand McNally and Co.), 


1937. Pp. 127. 8% X 6% inches. $1.50. 








424 HUMAN BIOLOGY 


Errmncton, Paut L., and F. N. Hamerstrom, Jr. The northern bob-white’s 
winter territory. Agricultural Experiment Station. Iowa State College of 
Agriculture and Mechanic Arts. Entomology and Economic Zoology Section, 
Research Bulletin 201, pp. 302-443, 1936. [Bibliography of 77 titles.] 

Gause, G. F. O nekotorykh osnobnykh problemakh biotsenologii. [On certain 
basic problems in biocoenology.] Zoological Journal (Russian), Vol. 15, pp. 
363-381, 1936. [Bibliography of 32 titles.] [In Russian with English 
summary. ] 

Gause, G. F. The principles of biocoenology. Quarterly Review of Biology, 
Vol. 11, pp. 320-336, 1036. [Bibliography of 32 titles.] 

Gauss, G. F., N. P. Smaracpova, and A. A. Wirt. Further studies of inter- 
action between predators and prey. Journal of Animal Ecology, Vol. §, pp. 
1-18, 1936. [Bibliography of 5 titles.] 

Gauss, G. F. Experimental populations of microscopic organisms. Ecology, Vol. 
18, pp. 173-179, 1937. [Bibliography of 5 titles.] 

Ginruer, H. F. K. Die Verstadterung. Ihre Gefahren fiir Volk und Staat vom 
Standpunkte der Lebensforschung und der Gesellschaftswissenschaft. Leipzig 
and Berlin (B. G. Teubner), 1936. Pp. 54. 8% X 5% inches. RM. 1.60 
(in Germany); RM. 1.20 (outside of Germany) (paper). [Bibliographic 
footnotes. ] 

HetTHertncton, Atrorp. The precise control of growth in a pure culture of a 
ciliate, Glaucoma pyriformis. Biological Bulletin, Vol. 70, pp. 426-440, 1936. 
[Bibliography of 17 titles.] 

Himes, Norman E. Benjamin Franklin on population: A re-examination with 
special reference to the influence of Franklin on Francis Place. Economic 
History (Supplement), February, 1937, pp. 388-398. [Bibliographic footnotes. ] 

Jounson, W. H. Experimental populations. Experimental populations of 
microscopic organisms. American Naturalist, Vol. 71, pp. 5-20, 1937. [Bib- 
liography of 36 titles.] 

Luzzatro-Feciz, P. I cognomi di S. Gimignano. Metron, Vol. 5, pp. 115-153, 1925. 
[Bibliographic footnotes. ] 

Luzzatto-Feaiz, P. The occupational evolution of a generation. Population, Vol. 
2, Pp. 97-107, 1935. 

MacLean, M. C., and A. Wittarp Turner. The logistic curve applied to 
Canada’s population. Canadian Journal of Economics and Political Science, 
Vol. 3, pp. 241-248, 1937. [Bibliographic footnotes.] 

Park, THomas, and Nancy Woottcorr. Studies in population physiology. VII. 
The relation of environmental conditioning to the decline of Tribolium con- 
fusum populations. Physiological Zoology, Vol. 10, pp. 197-211, 1937. [Bib- 
liography of 12 titles.] 

PearRL, RAyMOND. On biological principles affecting populations: human and 
other. American Naturalist, Vol. 71, pp. 50-68, 1937. 

[Rogste, E. E.] Die Grundlagen der vergleichenden Familienbiologie. V. Ver- 
gleichende Biologie der Generationen. Familienbiologie und Familienkultur, 
Bd. 2, pp. 25-44, 1936. 

Russet, Jostan Cox. Medieval population. Social Forces, Vol. 15, pp. 503-511, 
1937. [Bibliographic footnotes. ] 








St 


S2 


TR 





930. 














RECENT LITERATURE 425 


SHeLrorp, Victor E. Animal Communities in Temperate America as Illustrated 
in the Chicago Region. A Study in Animal Ecology. Chicago (University of 
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$2.00. [Bibliography at end of each chapter.] 

Mnezs, Water R. [Editor.] Psychological Studies of Human Variability. 
Psychological Monographs Number 212. Dodge Commemorative Number. 
Princeton and Albany (Psychological Review Co.), 1936. Pp. xxx + 415. 
9% X 6% inches. $4.50 (paper). [Bibliography at end of each paper.] 

Steransson, Viruyatmur. Adventures in Error. New York (Robert M. 
McBride and Co.), 1936. Pp. viii + 209. 8% xX 5% inches. $3.00. 

Tayter, J. Lionet. The Study of Individuals (Science). London (J. W. Sparks), 
1936. Pp. ix + 241. 8% xX 5% inches. 

Tom, D. A. Child Management. U.S. Department of Labor, Children’s Bureau, 
Bureau Publication No. 143. Washington (Government Printing Office), 1937. 
Pp. 107. 9% X 6 inches. 10 cents (paper). 


3. Psychiatry 


Brown, Henry C. A Mind Mislaid. New York (E. P. Dutton and Co.), 1937. 
Pp. 219. 8 X 5% inches. $2.00. 

Farrpank, Ruto E. Mental hygiene component of a city health district. 
American Journal of Public Health, Vol. 27, pp. 247-252, 1937. [Bibliography 
of 6 titles.] 

{Mever, A.] Archives of Neurology and Psychiatry. Special Number Dedicated 
to Adolf Meyer, Volume 37, No. 4, pp. 715-982. Chicago (American Medical 
Association), 1937. [Bibliography of Adolf Meyer of 7 pages. Bibliographic 
references throughout. ] 


4. History and Biography 


Bett, E. T. Men of Mathematics. New York (Simon and Schuster), 1937. Pp. 
xxi + 592 + 30 portraits. 934 X 6% inches. $5.00. 

Brsnop, Morris. Pascal, The Life of Genius. Baltimore (Williams and Wilkins 
Co. in collaboration with Reynal and Hitchcock), 1936. Pp. xi + 308. 9% xX 
6 inches. $3.50. 

Braus-RIcceENBACH, Hetene. Das Erasmushaus zu Basel. Haus zum Lufft seit 
1400 urkundlich bezeugt Baumleingasse 18 (nahe dem Miinster) mit den 
ehemaligen Wohnraumen des Erasmus von Rotterdam. Basel (Braus- 
Riggenbach), 1937? Pp. 16. 934 x 6% inches. 

CentraL StatisticaL Boarp. Second Annual Report of the Central Statistical 
Board January 1, 1935 to June 30, 1936. Washington (Government Printing 
Office), 1937. Pp. 43. 9% X 5% inches. 10 cents (paper). 

v. Ercxstept, E. Frur. Die Bedeutung des 24. April 1684 fiir die Rassenkunde. 

Zeitschrift fiir Rassenkunde, Bd. 5, pp. 282-288, 1937. 
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y. Excxstept, E. Frur. Geschichte der anthropologischen Namengebung und 
Klassifikation (unter Betonung der Erforchung von Siidasien). Zeitschrift 
fiir Rassenkunde, Bd. 5, pp. 209-282, 1937. [Bibliographic footnotes.] 

Farrow, Joun. Damien the Leper. New York (Sheed and Ward), 1937. Pp. xx 
+ 230. 834 X 5% inches. $2.50. 

Fospick, Raymonp B. The Rockefeller Foundation, A Review for 1936. New 
York, 1937. Pp. 58. 9% X 6 inches. 

Hopann, Max. History of Modern Morals. Translated by Stella Brown. 
London (William Heinemann (Medical Books)), 1937. Pp. xv + 338. 
8% X 5% inches. 12s. 6d. net. [Bibliography at end of each chapter.] 

InprIAN Research Funp Association. Proceedings of the Fourteenth Medical 
Research Workers Conference, held at Calcutta from 3oth November to sth 
December, 1936. Appendix to the Technical Report of the Scientific Advisory 
Board for the year 1936. New Deihi, 1937. Pp. 83. 93 X 6% inches 
(paper). 

InpIAN ResearcH Funp Association. Report of the Scientific Advisory Board 
for the year 1st January to 31st December 1936. New Delhi-Simla, India 
(Indian Research Fund Association), 1937. Pp. viii + 155. 934 X 6% inches. 
One rupee (paper). 

Kuizemn, Marc. Histoire des Origines de la Théorie Cellulaire. Actualités 
Scientifiques et Industrielles, 328. Exposés d'Histoire et Philosophie des 
Sciences, III. Paris (Hermann et Cie), 1936. Pp. 72. 10 X 6% inches. 
15 francs (paper). [Bibliography of 7 pages.] 

Kornerr, R. Wiirzburg: Seine Entwicklung in Wort und Zahl. Wéiirsburg 
(Verlag der Universitats-Druckerei H. Stiirtz AG.), 1937. Pp. 72. 8% xX 
5% inches. (paper). 

Kriczr, E. H. Die “Phisionomia” des Johannes von Glogau. Zeitschrift fir 
Rassenkunde, Bd. 3. pp. 183-187, 1937. [Bibliographic footnotes.] 

Majoccui, Anprea. Life and Death. The Autobiography of a Surgeon. Trans- 
lated by Wallace Brockway. New York (Knight Publications), 1937. 
Pp. 300. 8% X 5% inches. $2.75. 

McNicot, Donatp M. The Amerindians. From Acuera to Sitting Bull, from 
Donnacona to Big Bear. New York (Frederick A. Stokes Cu.), 1937. 
Pp. xix + 341. 8 X 5% inches. $2.50. 

{[Metransy, Epwarp.] Report of the Medical Research Council for the year 
1935-1936. Committee of the Privy Council for Medical Research. London 
(H. M. Stationery Office,), 1937. Pp. 172. 9% xX 6 inches. 3s. net (paper). 

MILBANK MemoriraL Funp. The Thirty-Second Year in Review. Report for 
the Year Ended December 31, 1936. New York, 1937. Pp. 66. 9 X 6 inches. 

Murcuinson, Cart [Edited by.] A History of Psychology in Autobiography. 
Volume III. By James R. Angell, Frederick C. Bartlett, Madison Bentley, 
Harvey A. Carr, Sante De Sanctis, Joseph Frébes, O. Klemm, Karl Marbe, 
Charles S. Meyers, E. W. Scripture, Edward L. Thorndike, John B. Watso7, 
Wilhelm Wirth. Worcester, Mass. (Clark University Press); London (Ox- 
ford University Press), 1936. Pp. xvii + 327. 9 X 6 inches. $5.00. 

[Bibliographic references throughout.] 
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NaTIonAL AcapeMy oF Sciences. Report for the Fiscal Year 1935-1936. 
Washington {Government Printing Office), 1937. Pp. x + 178. 9% & 6 
inches (paper). 

NationaL Resgarcn Counc. Report for the Year July 1, 1935-June 30, 1936. 
Organized in 1916 at the Request of the President of the United States by 
the National Academy of Sciences under its Congressional Charter. Annual 
Report of the National Academy of Sciences for the year July 1, 1935-June 30, 
1936, pp. (of reprint) v + 88, 1937. 

Parker, Georce H. The education of a naturalist. Frontiers, January, 1937. Pp. 
(of reprint) 5. 

Tue Henry Puiprs Psycuiatric Curnic. Bibliography of the Henry Phipps 
Psychiatric Clinic 1913-1937. Baltimore (The Johns Hopkins Hospital), 
1937. Pp. 58. 10 X 7 inches (paper). 

RaMOn y Caja, Sant1aco. Recollections of My Life. Memoirs of the Ameri- 
can Philosophical Society held at Philadelphia for Promoting Useful 
Knowledge, Volume VIII, Parts I and II. Translated by E. Horne Craigie, 
assisted by Juan Cano. Philadelphia (American Philosophical Society), 1937. 
Distributed by University of Pennsylvania Press, Philadelphia. Pp. xi + 638 
+ 21 plates. 9% xX 6 inches. $5.00 (paper). [Bibliography of 288 titles 
of the author.] 

Ritter, Witttam E. Charles Darwin and the golden rule. California Monthly, 
March, 1937, pp. 4-6. 

Scuesesta, P. Die Benennung der asiatischen Pygmiden oder Negritos. Zeit- 
schrift fiir Rassenkunde, Bd. 5, pp. 316-317, 1937. 

STEINWALLNER, B. Zur Geschichte der Entmannung. Zeitschrift fiir Rassen- 
kunde, Bd. 5, pp. 176-177, 1937. [Bibliographic footnote.] 

Tayier, J. Lioner. New England and New America and Other Writings. With 
Memoir and Tributes edited by F. H. Hayward. London (Williams and 
Norgate), 1933. Pp. viii + 335. 9% X 6% inches. 10s. 6d. net. 

U. S. DepartMENT oF Commerce. Bureau of the Census. Annual Report of the 
Secretary of Commerce, 1936, pp. 17-34, 1937. 

U. S. DepartMeNT oF Lasor. The Children’s Bureau. Yesterday, Today and 
Tomorrow. Washington (Government Printing Office), 1037. Pp. 57. 
9% X 6 inches. 10 cents (paper). 

Various AutHors. The March of Science. A First Quinquennial Review 
1931-1935. New York (Pitman Publishing Corp.) ; London (Sir Isaac Pitman 
and Sons), 1937. Pp. viii + 215. 8% x 5% inches. $1.25. [Bibliography 
of 123 titles at end of chapter on Zoology.] 

Watson, J. A. Scorr, and May E. Hosss. Great Farmers. Foreword by Right 
Hon. Walter E. Elliot. London (Selwyn and Blount)), 1937. Pp. 287 + 
16 plates. 8%4 X 5% inches. 12s. 6d. 

Writcox, Water F. The Athens meeting of the International Statistical Insti- 
tute. Journal of the American Statistical Association, Vol. 32, pp. 113-118, 
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5. Sociology, Law, Politics and Religion 


BrirFAutt, Ropert. Reasons for Anger. New York (Simon and Schuster), 1936. 
Pp. 265. 8% X 5% inches. $2.50. 

CaRNEGIE ENDOWMENT FoR INTERNATIONAL Peace. The Inter-American Con- 
ference for the Maintenance of Peace, with Explanatory Introduction by 
Michael F. Doyle. Addresses of President Agustin P. Justo, President 
Franklin D. Roosevelt, Secretary of the State Cordell Hull and Texts of 
Treaties, Acts, and Resolutions Adopted by the Conference. International Con- 
ciliaton, March, 1937, No. 328. New York. Pp. 195-280. 73% X 5 inches. 
5 cents (paper). 

CARNEGIE ENDOWMENT FOR INTERNATIONAL Peace. The United States and world 
organization during 1936. The neutrality act adopted by Congress, April 29, 
1937. International Conciliation, June, 1937, No. 331. New York. Pp. 549- 
621. 7% X 5 inches. 5 cents (paper). 

Cox, Evucens A. New Russia. Lewiston, [Idaho] Morning Tribune, April 25, 
1937. 

Cutver, Dororpy C. Methodology of Social Science Research: A Bibliography. 
Publications of the Bureau of Public Administration, University of Cali- 
fornia. Berkeley (University of California Press), 1936. Pp. x + 159 
9% X 6 inches. $2.00. 

Henpricks, Hazer A. Social needs of Indian children. Social Service Review, 
Vol. 11, pp. 52-65, 1937. 

Hussarp, Ursuta P. The cooperation of the United States with the League of 
Nations 1931-1936. International Conciliation, No. 329, pp. 295-468, 1937. 
[Bibliographic footnotes throughout.] 

Jennincs, H. S. Biology and social reform. Journal of Social Philosophy, 
Vol. 2, pp. 155-166, 1937. 

KasseL, CHartes. The collapse of the state legislature: A study of the legis- 
lative commission. South Atlantic Quarterly, Vol. 36, pp. 140-153, 1937. 

Lévy, Prerre. La Sélection du Personnel dans les Entreprises de Transport. Le 
Laboratoire du Travail du Réseau de I’Etat. Preface by M. R. Dautry. 
Actualités Scientifiques et Industrielles, 376. Biologie du Travail et Bio- 
typologie, I. Paris (Hermann et Cie), 1936. Pp. 37. 10 X 6% inches. 10 
francs (paper). 

Murpocx, Georce P. [Editor.] Studies in the Science of Society. Presented 
to Albert Galloway Keller in Celebration of His Completion of Thirty Years 
as Professor of the Science of Society in Yale University. New Haven 
(Yale University Press) ; London (Oxford University Press), 1937. Pp. xxii 
+ 555 + 2 folding charts. 9 x 6 inches. $6.00. [Bibliographic references 
throughout. ] 

Nationa Councit oF AMERICAN SHIPBUILDERS. Commercial Shipyards and the 
Navy. New York (National Council of American Shipbuilders), 1937. Pp. 
105. 10 X 6% inches. 

Pueips, Vivian. Concerning Progressive Revelation. London (Watts and Co.), 
1936. Pp. vii + 118. 7% X 5 inches. 1s. net (paper). [Bibliographic foot- 

notes. ] 
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Samuet, Sm Hersert. Wars of ideas. International Conciliation, No. 330, 
pp. 473-486, 1937. 

U. S. Department or Lasor, Curtpren’s Bureau. Juvenile Court Statistics 
Year Ended December 31, 1034. Federal Juvenile Offenders Year Ended 
June 30, 1935. Based on Information Supplied by 334 Juvenile Courts and by 
the United States Department of Justice. Eighth Annual Report. Bureau 
Publication No. 235. Washington (Government Printing Office), 1937. Pp. 
iv + 106. 9% X 5% inches. 15 cents (paper). 

U. S. Department or Laspor, Cur~pren’s Bureau. Juvenile Court Standards. 
Report of the Committee Appointed by the Children’s Bureau, August 1921, to 
Formulate Juvenile-Court Standards. Adopted by a Conference Held Under 
the Auspices of the Children’s Bureau and the National Probation Association, 
Washington, D. C., May 18, 1923. Bureau Publication No. 121. Washington 
(Government Printing Office), 1937. Pp. vi + 10. 9% X 5% inches. 
§ cents (paper). 

VAN VALKENBURGH, RicHarp. Navajo common law II. Navajo law and justice. 
Museum Notes (Museum of Northern Arizona), Vol. 9, pp. 51-54, 1937. 
Worsy, Jonn. The Other Half. The Autobiography of a Tramp. New York 

(Lee Furman, Inc.), 1937. Pp. 307. 8 X 5% inches. $2.50. 


6. Economics 


Bureau or THE Census. United States Census of Agriculture: 1935. A Sum- 
mary of Farm Tenure by Divisions and States. Washington, D. C., March 10, 
1937, pp. 6. 

BurEAU OF THE Census. Occupational Trends in the United States: 1870 to 
1930. Washington, D. C., June 7, 1937, pp. 2. 

GesHart, Jonn C. Economy and Relief. New York (The National Economy 
League), 1937. Pp. 18. 9 X 4 inches. 

Harwoop, E.C. Where Are We Going? Cambridge, Mass. (American Institute 
for Economic Research), 1937. Pp. 88. 9 x 6 inches. $1.00 (paper). 

Jackson, Donato. A Graphic Summary of Farm Taxation. U. S. Department 
of Agriculture, Miscellaneous Publication No. 262. Washington (Government 
Printing Office), 1937. Pp. 17. 9% X 5% inches. 5 cents (paper). 

Masters, Ruta D. International organization of European rail transport. Inter- 
national Conciliation, No. 330, pp. 487-544, 1937. 

Meap, Marcaret [Editor.] Cooperation and Competition Among Primitive 
Peoples. New York (McGraw-Hill Book Co.), 1937. Pp. xii + 531. 9 X 6 
inches. $4.00. [Bibliography of 2 pages.] 

[Sancuez, Emiio.] La primera crisis mundial de posguerra y su repercusion 
en la Provincia de Santa Fe. Quebrantos comerciales y civiles; su discrimi- 
nacién en el diltimo decenio. Investigaci6n econométrica No. 1, del plan de 
trabajo para 1936. Santa Fe, Argentina, August 1936. Pp. 50 + 2 folding 
tables + 2 charts. 10% xX 7 inches (paper). [Bibliographic footnotes.] 

Smrru, A. M. Ford gives viewpoint on labor. Cautions workers on organization. 
Detroit News, April 29, 1937. 
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Winstow, Emma A. Trends in Different Types of Public and Private Relief 
in Urban Areas, 1929-35. U. S. Department of Labor, Children’s Bureau, 
Bureau Publication No. 237. Washington (Government Printing Office), 
1937. Pp. vi + 143. 934 X 6 inches. 15 cents (paper). 


7. Education 


Tue InstiTuTE ror ApvANcED Stupy (Founded by Louis Bamberger and Mrs. 
Felix Fuld). Bulletin No. 6. Princeton, N. J., February 1937. Pp. 17. 
7% X § inches. 

Résste, R. Die Ausbildung der Pathologen. Verhandlungen der Deutschen 
pathologischen Gesellschaft; Achtundzwanzigste Tagung gehalten in Giessen 
am 28.—30. Marz 1935, pp. 203-215. 


8. Ethnology, Cultural Anthropology, Travel and Exploration 


Axetey, Mary L. J. Restless Jungle. New York (Robert M. McBride and Co.), 
1936. Pp. xiii + 313 + 32 plates. 8% xX 5% inches. $3.00. 

Atrorp, THomas Wixpcat. Civilization as told to Florence Drake. Norman 
(University of Oklahoma Press), 1936. Pp. xiii + 203 + 6 plates. 9 xX 6 
inches. $2.50. ; 

Appony!, Henrik. My Big-Game Hunting Diary From India and the Himalayas. 
Foreword by Viscount Halifax. London (Selwyn and Blount), 1937. Pp. 
254 + 157 plates. 9 X 6 inches. 18s. net. 

Brewer, SALLIE P. The “long walk” to Bosque Redondo as told by Peshlakai 
Etsedi. Museum Notes (Museum of Northern Arizona), Vol. 9, pp. 55-62, 
1937. 

Buck, FRANK, and Ferrin Fraser. On Jungle Trails. Yonkers-on-Hudson, 
N. Y. (World Book Co.), 1936. Pp. vii + 290 + 29 plates. 7% XK 5% 
inches. 96 cents. 

Cuewincs, CHARLES. Back in the Stone Age. The Natives of Central Australia. 
Sydney (Angus and Robertson), 1936. Pp. xviii + 161 + 23 plates. 8% x 
6% inches. $2.50. 

CHINARD, GILBERT. Le Voyage de Lapérouse sur les Cotes de l’Alaska et de la 
Californie (1786). Avec une Introduction et des Notes. Historical Docu- 
ments, Institut Francais de Washington, Cahier X. Baltimore (The Johns 
Hopkins Press), 1937. Pp. xlix + 144 + 22 plates. 10% xX 7% inches. $3.00. 

Davipson, D. S. [Editor.] Twenty-fifth Anniversary Studies. Volume I. Publi- 
cations of the Philadelphia Anthropological Society. Philadelphia (University 
of Pennsylvania Press) ; London (Oxford University Press), 1937. Pp. vi + 
235. 9 X 6 inches. $2.50. [Bibliography at end of some chapters.] 

Firto, Raymonp. We, the Tikopia. A Sociological Study of Kinship in 
Primitive Polynesia. Preface by Bronislaw Malinowski. New York (Ameri- 
can Book Co.), 1936. Pp. xxv + 605 + 25 plates + 6 folding charts. 9% xX 
6 inches. $6.00. [Bibliographic footnotes.] 

GoLDEN WEISER, ALEXANDER. Anthropology. An Introduction to Primitive Culture. 
New York (F. S. Crofts and Co.), 1937. Pp. xxi + 551 + 30 plates. 
9 X 6 inches. $3.75. [Bibliography of 8 pages.] 
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Grecory, Witu1am K., and Henry C. Raven. In Quest of Gorillas, New 
Bedford, Mass. (The Darwin Press), 1937. Pp. xvi + 241 + 111 plates, 
9% X 6% inches. $3.50. 

Kempton, J. H., and Wuson Porenog. Teosinte in Guatemala. Report of an 
Expedition to Guatemala, El Salvador, and Chiapas, Mexico. Contributions 
to American Archaeology, No. 23. Carnegie Institution of Washington, Publi- 
cation No. 483, pp. 199-218, 1937. [Bibliography of 20 titles.] 

Netson, Joun L. Rhythm for Rain. Boston (Houghton Mifflin Co.), 1937. 
Pp. xi + 272 + 54 plates. $3.25. 

Oscoop, Cornetrus. The Ethnography of the Tanaina. Yale University Publi- 
cations in Anthropology, Number 16. New Haven (Yale University Press) ; 
London (Oxford University Press), 1937. Pp. 229 + 14 plates. 9% X 7 
inches. $3.00 (paper). [Bibliography of 1% pages.] 

Parsons, Exrsre C. Mitla: Town of the Souls and Other Zapoteco-Speaking 
Pueblos of Oaxaca, Mexico. Chicago (University of Chicago Press), 1936. 
Pp. xix + 590 + 51 plates + 3 folding maps. 8 xX 5% inches. $4.00. 
[Bibliography of 3% pages.] 

Scumpe, W. Die Nilotenstellung. Zeitschrift fiir Rassenkunde, Bd. 5, pp. 130- 
137, 1937. [54 bibliographic footnotes.] 

von Wa.pe-Wa.pecc, HERMANN. Preliminary Report on the Expedition to San 
Agustin (Colombia) June-November 1936, Part I. Anthropological Series 
of the Boston College Graduate School, Vol. II, No. 1. Chestnut Hill, Mass. 
(Boston College Press), 1937. Pp. 55 + 2 folding maps + 14 plates. 
0M”™ X 6% inches. $1.00 (paper). 

Wacker, Nancy. Fiji, Their People, History and Commerce. London (H. F. 
and G. Witherby), 1936. Pp. 167 + 8 plates. 8% x 5% inches. 7s. 6d. net. 

Warner, W. Lioyp. A Black Civilization. A Social Study of an Australian 
Tribe. New York (Harper and Brothers), 1937. Pp. xviii + 594 + 9 plates. 
8% xX 5% inches. $5.00. 


IV. SOMATOLOGY AND CONSTITUTION 


1. Anatomy 


ApELMANN, Howarp B. The problem of cyclopia. Quarterly Review of Biology, 
Vol. 11, No. 2, pp. 161-182; No. 3, pp. 284-304, 1936. [Bibliography of 4% 
pages. ] 

AposToLakis, Grorc. Die Lange des Darmrohres der Griechen. Zeitschrift fiir 
Rassenkunde, Bd. 5, pp. 138-143, 1937. [Bibliographic footnote.] 

von Bonin, Geruarpt. A first study of the size of the cells in the cerebral 
cortex. Journal of Comparative Neurology, Vol. 66, pp. 103-111, 1937. 
[Bibliography of 11 titles.] 

von Bonin, Gerwarpt. Brain-weight and body-weight of mammals. Journal of 
General Psychology, Vol. 16, pp. 379-389, 1937. [Bibliography of 18 titles.] 

Broox, Georrrey B. Experimental and Clinical Studies of the Spine of the 
Dog. Baltimore (William Wood and Co.), 1936. Pp. ix + 122 + 24 plates. 
8% X 5% inches. $2.00. [Bibliography of 74 titles.] 
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Cuag, G. Y., H. E. Sars, and I. C. Wen. Duplication of the kidney and ureter. 
Journal of Urology, Vol. 36, pp. 305-326, 1936. [Bibliography of 11 titles.] 

Count, Eart W. Uber scheinbar menschliche Rassenziige an Gorillaschadein. 
Zeitschrift fiir Rassenkunde, Bd. 5, pp. 167-173, 1937. 

Fiscnet, A. Grundriss der Entwicklung des Menschen. Zweite, neu bearbeitete 
Auflage. Berlin (Julius Springer), 1937. Pp. v + 143. 9% X 6% inches. 
RM. 12.60. 

GotpsMITH, JosepH B., and H. W. Butter. The development of the cardiac- 
coronary circulatory system. American Journal of Anatomy, Vol. 60. pp. 185- 
201, 1937. [Bibliography of 8 titles.] 

Lititz, Matcotm E. Structure of the Vertebrates. Revised Edition. New York 
(Farrar and Rinehart), 1937. Pp. x + 488. 8% x 5% inches. $3.00. 
Résste, R. Uber die Hoden von Sittlichkeitsverbrechern. Virchows Archiv fiir 
Pathologische Anatomie und Physiologie, Bd. 296, pp. 69-81, 1935. [Bibli- 

ography of 23 titles.] 

ScnuLtz, Apocpn H. Fetal Growth and Development of the Rhesus Monkey. 
Contributions to Embryology, No. 155. Publication No. 479 of Carnegie 
Institute of Washington, pp. 71-98 + 2 plates, January 30, 1937. [Bibliography 
of 26 titles.] 

SmitH, Bertram G., and Enpre K. Brunner. A histologic method for the 
early diagnosis of pregnancy. American Journal of Obstetrics and Gynecology, 
Vol. 33, pp. 404-414, 1937. [Bibliography of 5 titles.] 

Stevenson, Paut H. Plea for continuation of cooperative embryological re- 
search in China. Chinese Medical Journal, Vol. 48, pp. 1313-1319, 1934. 
[Bibliography of 8 titles.] 

Wen, I. C., H. C. Canc, and A Wone. Studies on tissue actylcholine. IV. 
Cytological considerations of the chorionic villous epithelium of the human 
placenta. Chinese Journal of Physiology, Vol. 10, pp. 559-570, 1936. [Bibli- 
ography of 8 titles.] 

Wistock1, Greorce B., and ALEXANDER C. P. Campsett. The unusual manner of 
vascularization of the brain of the opossum (Didelphys virginiana). Anatom- 
ical Record, Vol. 67, pp. 177-191, 1937. [Bibliography of 10 titles.] 


2. Physical Anthropology and Anthropometry 


Coss, W. Montacue. The ossa suprasternalia in whites and American Negroes 
and the form of the superior border of the manubrium sterni. Journal of 
Anatomy, Vol. 71, pp. 245-291, 1937. [Bibliography of 91 titles.] 

DunHAM, ErHet C., Soppre D. Aperte, Lucie Fargumar, and MICHAEL 
D’Amico. Physical status of two hundred and nineteen Pueblo Indian children. 
American Journal of Diseases of Children, Vol. 53, pp. 739-749, 1937. [Bibli- 
ographic footnotes. ] 

Gumour, J. R., and W. J. Martin. The weight of the parathyroid glands. 
Journal of Pathology and Bacteriology, Vol. 44, pp. 431-462, 1937. [Bib- 
liography of 7 titles.] 

Grar, Lucia. Inklination, Retroversion und Index Cnemicus bei melanesischen 
Tibien. Bulletin der Schweizerischen Gesellshaft fiir Anthropologie und 
Ethnologie, 1934/35, pp. 15-16. 
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H6un-Grirzner, G. Kriimmung und Querschnitt melanesischer Femora. Bul- 
letin der Schweiserischen Gesellschaft fiir Anthropologie und Ethnologie, 
1934/35, PP. 22-25. 

Howetts, W. W. Anthropometry of the Natives of Arnhem Land and the 
Australian Race Problem. Data collected by W. L. Warner. Peabody 
Museum of American Archaeology and Ethnology, Harvard University, Vol. 
XVI, No. 1. Cambridge (Peabody Museum of Archaeology and Ethnology), 
1937. Pp. viii + 97. 9% X 6% inches. $1.00 (paper). [Bibliography of 
8 pages.] 

Huc, E. Nahtverschluss und Altersbestimmung an Schadeln. Bulletin der 
Schweiserischen Gesellschaft fiir Anthropologie und Ethnologie, 1934/35, 
pp. 25-26. 

ImMBELLONI, J. Fuéguides et Laguides (Position actualle de la race paléo-américaine 
ou de Lagoa Santa). Zeitschrift fiir Rassenkunde, Bd. 5, pp. 205-315, 1937. 
[Bibliographic footnotes.] 

Kocaner, Y. Zur Frage des “siidlichen Elementes” im japanischen Volke. 
Zeitschrift fiir Rassenkunde, Bd. 5, pp. 123-130, 1937. [Bibliography of 27 
titles.] 

Koya, Y. [Editor.] Rassenbiologische Untersuchungen an dem hygienischen 
Institut der medizinischen Fakultat zu Kanazawa. Numbers 1, 2 and 3. 
Kanazawa, Japan. Nos. 1 and 2, 1936; No. 3, 1937. Pp. No. 1, 4 + 434; 
No. 2, 3 + 448 + 2 plates; No. 3, 4 + 370. 10% X 7% inches (paper). 
[Bibliographic references.] [In German and Japanese.] 

Luzzatro-Feciz, P. Variazioni nella struttura delle popolazioni. Atti del Secondo 
Congresso Nazionale di Scienza delle Assicurazioni, Vol. 3, 1935. Pp. (of 
reprint) 8. [Bibliographic footnotes.] 

MARSHALL, Everett L. A comparison of four current methods of estimating 
physical status. Child Development, Vol. 8, pp. 89-92, 1937. [Bibliography of 
4 titles.] 

Mrinc-Tzvu, P’an. Septal apertures in the humerus in the Chinese. American 
Journal of Physical Anthropology, Vol. 20, pp. 165-170, 1935. [Bibliography 
of 3 titles.] 

MU.ier, GUnTHER. Ein eigenartiger Rassentypus Siziliens. Zeitschrift fiir 
Rassenkunde, Bd. 5, pp. 175-176, 1937. 

PALMER, Carrot, E., Rutt KAWAKAMI, and Lowe. J. Reep. Anthropometric 
studies of individual growth. II. Age, weight, and rate of growth in weight, 
elementary school children. Child Development, Vol. 8, pp. 47-61, 1937. 

Poot, Georc. Uber Knochenreste aus La Téne-Grabern der Engehalbinsel bei 
Bern. Bulletin der Schweizerischen Gesellschaft fiir Anthropologie «und 
Ethnologie, 1934/35, pp. 12-14. 

Routit, Rosert. Ein Beitrag zur Anthropologie Savoyens. Zeitschrift fiir 
Rassenkunde, Bd. 5, pp. 177-181, 1937. 

Routit, Rogert. Uber die Asymmetrie der knéchernen Augenhdhle nach Beobach- 
tungen an Karnerschadeln aus Karnten. Zeitschrift fiir Rassenkunde, Bd. 5, 


PP. 317-320, 1937. 
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SCHLAGINHAUFEN, Otto. Zur Kenntnis der Handform der Issa-Somali. Archiv 
der Julius Klaus-Stiftung fiir Vererbungsforschung, Sosialanthropologie und 
Rassenhygiene, Bd. 9, pp. 265-273, 1934. [1 bibliographic footnote.] 

SCHLAGINHAUFEN, Otto. Die prahistorische (gallische) Ansiedelung bei der 
Gasfabrik in Basel. X. Das Graberfeld im Norden der Ansiedelung. B. Die 
menschlichen Skelettfunde. Anseiger fiir Schweizerische Altertumskunde, Bd. 
38, pp. 226-236, 1936. 

SCHLAGINHAUFEN, Otto. Vorlaufige Mitteilung tiber den Langen-Breiten-Index 
der schweizerischen Stellungspflichtigen und seine geographische Verteilung. 
Bevolkerungsfrage. Bericht des Internationalen Kongresses fiir Bevilkerungs- 
wissenschaft Berlin, 26. August 1. September 1935. Miinchen (J. F. 
Lehmanns Verlag), 1936. Pp. 507-511. [Bibliographic footnotes.] 

ScHLAGINHAUFEN, Otto. Zur Anthropologie der appenzellischen Bevélkerung. 
Bulletin der Schweizerischen Gesellschaft fiir Anthropologie und Ethnologie, 
Jahrg. 13, pp. 7-11, 1936/37. 

Srevenson, Paut H. Prediction formulae for height, sitting height, chest girth, 
weight and vital capacity for adult male Chinese. Chinese Journal of 
Physiology, Vol. 9, pp. 213-222, 1935. 

Wetuscn, S. Anthropologische Rassenanalyse. Zeitschrift fiir Rassenkunde, 
Bd. 5, pp. 144-152, 1937. [Bibliography of 7 titles.] 

Weiuiscn, S. Anthropologische Rassenanalyse. Zeitschrift fiir Rassenkunde, 
Bd. 5, pp. 288-295, 1937. 


3. Constitution 


Graves, W. W. The age-incidence principle of investigation in evaluating the 
biological significance of inherited variations in the problems of human con- 
stitution. I. The types of scapulae. American Journal of Psychiatry, Vol. 93, 
pp. 1109-1117, 1937. [Bibliography of 21 titles.] 

Kiare, Kurt. Anleitung zur Konstitutionsdiagnostik bei kindlicher Tuberkulose 
(An Hand von praktischen Beispielen). Praktische Tuberkulose-Biicherei, 
Beihefte des deutschen Tuberkulose-Blaties, Heft 17. Leipzig (Georg 
Thieme), 1937. Pp. 56. 95% X 6% inches. RM. 4.80 (paper). 

Résstz, R. Die innere (oder anatomische) Ahnlichkeit blutsverwandter Personen. 
Verhandlungen der Deutschen Pathologischen Gesellschaft; Neunundswan- 
sigste Tagung gehalten in Breslau am 27.—29. September 1936, pp. 112-125. 

Sticter, Rogert. Die rassenphysiologische Bedeutung der sexuellen Applanation. 
Zeitschrift fiir Rassenphysiologie, Bd. 7, pp. 67-88, 1934. [Bibliography of 20 
titles. ] 

Worrr, Greorc. Krebs und Konstitution. Deutsche Medizinische Wochenschrift, 
Nr. 52, pp. 2134 ff., 1936. 


Vv. PHYSIOLOGY AND BIOCHEMISTRY 


1. Physiology 


ABDERHALDEN, Emit [Editor.] Handbuch der biologischen Arbeitsmethoden. 
Lieferung 463. Gehdrsinn, Hautsinne, Kraftsinn (Muskelsinne), Geschmack- 





HUMAN BIOLOGY 


und Geruchsinn, Statischer Sinn, Stimme und Sprache. Containing following 
articles: Die Herstellung eines praktisch vollkommen gerauschlosen Raumes, 
by G. van Rijnberk; Verfahren zur Priifung der Leistungen des Geruchs- 
sinnes; Neue Verfahren zur Priifung der Leistungen des Geschmackssinnes; 
Neue Verfahren zur Erforschung der Leistungen des Druck-, Temperatur-, 
Schmerz- und Kraftsinnes, all by Emil von Skramlik. Berlin (Urban und 
Schwarzenberg), 1037. Pp. 160. 10 X 7 inches. RM. 9 (paper). [Bib- 
liographic references throughout.] 

Cannon, Water B., and Arturo RosenstvetnH. Autonomic Neuro-Effector 
Systems. New York (The Macmillan Co.), 1937. Pp. xiv + 229. 8% X 5% 
inches. $4.00. [Bibliography of 344 titles.] 

Doveras, C, G., and J. G. Prrestrzey. Human Physiology. A Practical Course. 
Second Edition. New York (Oxford University Press); Oxford (The 
Clarendon Press), 1937. Pp. xi + 2290. 834 + 5% inches. $4.25. [Bib- 
liographic footnotes. ] 

Etscer, Micnagt, and Rosert Sticter. Die Theorie von der Intravitalen Bindung 
der Isoagglutinine. Zeitschrift fiir Rassenphysiologie, Bd. 6, pp. 123-128, 1933. 
[Bibliography of 11 titles.] 

Emerson, Cuartes P., and O. M. Hetmer. The proteolytic effect of normal 
gastric juice on beef muscle globulin, with reference to the reported action of 
the anti-anemic intrinsic factor. American Journal of Digestive Diseases and 
Nutrition, Vol. 3, pp. 753-755, 1936. [Bibliography of 12 titles.] 

Ee_ancer, JosepH, and Hersert S. Gasser. Electrical Signs of Nervous Activity. 
Philadelphia (University of Pennsylvannia Press); London (Oxford Uni- 
versity Press), 1937. Pp. x + 221. 9 X 5% inches. $3.50. [Bibliography 
of 10% pages.] 

Gurwitscn, A. G. Mitogenetic Analysis of the Excitation of the Nervous 
System. Amsterdam (N. V. Noord-Hollandsche Uitgeversmaatschappij), 
1937. Pp. 114. 9% X 6% inches. F. 3.75 (paper); F. 4.75 (cloth). [Bib- 
liographic footnotes. } 

HammMet, Frepertck S. The Nature of Growth. A Logistic Inquiry. Lancaster, 
Pa. (The Science Press), 1937. Pp. 61. 934 X 6 inches. 75 cents (paper). 

Hammonp, Joun. The physiology of milk and butter fat secretion. Veterinary 
Record, Vol. 16, pp. §19-535, 1936. [Bibliography of 18 titles.] 

Hotmes, Ertc. The Metabolism of Living Tissues. Cambridge (The University 
Press); New York (The Macmillan Co.), 1937. Pp. x + 235. 7% X5$ 
inches. $2.25. 

Hutton, Isapezr E. Woman's Prime of Life. Making the most of Maturity. 
New York (Emerson Books, Inc.), 1937. Pp. 150. 7% X § inches. $2.00. 

pe Jonc, H. G. B. La Coacervation et son Importance en Biologie. Tome I. 
Généralités et Coacervats Complexes. Actualités Scientifiques et Industrielles, 
307. Exposés de Biologie, VI. French version by N. I. Joukovsky and Jean 
P. E. Duclaux. Paris (Hermann et Cie), 1936. Pp. 54. 10 X 6% inches. 
12 francs (paper). [Bibliography of 25 titles.] 

pe Jonc, H. G. B. La Coacervation et son Importance en Biologie. Tome IL 
Coacervats Auto-Complexes. Actualités Scientifiques et Industrielles, 308. 
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Exposés de Biologie, VII. French version by N. I. Joukovsky and Jean P. E. 
Duclaux. Paris (Hermann et Cie), 1936. Pp. 66. 10 K 6% inches. 15 
francs (paper). [Bibliography of 25 titles.] 

Kerripce, Puyiurs M. T. Reports of the Hearing Committee. V. Hearing and 
Speech in Deaf Children. Medical Research Council, Special Report Series 
No. 221. London (H. M. Stationery Office), 1937. Pp. 137. 9% X 6 inches. 
2s, net (paper). [Bibliography of 12 titles.] 

Kurzrok, Rapuart. The Endocrines in Obstetrics and Gynecology. Baltimore 
(Williams and Wilkins Co.), 1937. Pp. xvi + 488. 9 X 6 inches. $7.50 
[Bibliography at end of each chapter.] 

Lapique, L., A. Mayer, and P. Portier [Editors.] Annals de Physiologie et de 
Physicochemie Biologique. Tome 12, Nombres 2 et 3. Paris (Gaston Doin 
et Cie), 1936. Pp. No. 2, 169-300; No. 3, 301-524. 95% X 6 inches. 25 francs 
for single number; Annual subscription for 5 numbers: 120 francs (in 
France and Colonies); 135 francs (for countries that have a 50 percent 
exemption of tariff on periodicals) ; 150 francs (for other countries) (paper). 
[Bibliography at end of some papers.] 

pu Nowy, P. Lecomte. Biological Time. Foreword by Alexis Carrel. New York 
(The Macmillan Co.), 1937. Pp. xiv + 180. 7% X 5% inches. $2.00. 

Rusk, Rocers D. Atoms, Men and Stars. A Survey of the Latest Developments 
of Physical Science and Their Relation to Life. New York (Alfred A. 
Knopf), 1937. Pp. xviii + 289 + ix. 834 X 5% inches. $3.00. 

ScnEsesta, Paut. Physiologische Beobachtungen an den Ituri-Pygmien. Zeit- 
schrift fiir Rassenkunde, Bd. 5, pp.113-123, 1937. [2 bibliographic footnotes. ]} 

Scumatruss, Hans. Stoff und Leben. Bios, Band VI. Leipzig (Johann Am- 
brosius Barth), 1937. Pp. xvi + 203. 9%4 X 6% inches. RM. 1360 (paper). 
[Bibliographic footnotes throughout.] 

Stmonnet, Henri. L’Hormone Folliculaire en Physiologie Normale et Patho- 
logique. Etude Expérimentale Clinique et Thérapeutique. Paris (Masson et 
Cie), 1037. Pp. xii + 542. 934 X 6% inches. 100 francs (paper). [Bib- 
liography of 2500 titles.] 

Tatzot, Fritz B., Epwin B. Wirson and Jane Worcester. Basal metabolism 
of girls. Physiologic background and application of standards. American 
Journal of Diseases of Children, Vol. 53, pp. 275-347, 1937. [Bibliographic 
footnotes. } 

Vernon, M. D. Visual Perception. Cambridge (The University Press), New 
York (The Macmillan Co.), 1937. Pp. xi + 247. 8% X 5% inches. $4.50. 
[Bibliography of 377 titles.] 


2. Senescene, Senility and Longevity 


Léscu, Aucust. Die Vergreisung—wirtschaftlich gesehen. Schmollers Jahrbuch, 
Vol. 60, pp. 677-685, 1936. 

Posse, F. Sterben Braunaugige frih? Zeitschrift fiir Rassenkunde, Bd. 5, p. 320, 
1937. 
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3. Biochemistry 


Crowes, G. H. A., and M. E. Krag. Studies on cell metabolism and cell division, 
I. On the relation between molecular structures, chemical properties, and 
biological activities of the nitrophenols. Journal of General Physiology, Vol. 
20, pp. 145-171, 1936. [Bibliography of 31 titles.] 

Garcnarp, V., and Paut Baup [Published under the direction of.] Traité de 
Chimie Organique. Tome IV. Noyau Benzénique. Carbures Benzéniques. 
Dérivés Halogénés. Acides Sulféniques, Sulfiniques ou Séléniques. Acides 
Sulfoniques. Sulfones. Dérivés Nitrés, Nitrohalogénés, Nitrosés. Dérivés 
Nitrosulfiniques, Nitrosulfoniques, Nitrohalogénés. Groupe du Biphényle et 
Polyphényl Benzénes. Dérivés di-, tri- et Polyphényles du Méthane et de 
I’'Bthane. Polyaryl Propanes et Homologues Supérieurs. Carbures Polyary- 
liques non Saturés. Arylcyclohexanes Divers. Industrie des Chlorobenzénes 
et Chlorotoluénes. Pétroles. Industries Dérivées des Combustibles Solides. 
By P. Amagat, P. Baud, L. Bert, L. Boisselet, Cl. Duval, J. Doeuvre, R. 
Heilmann, G. Hugel, J. Lichtenberger, M. Louis, L. Piaux, T. Salomon, F. 
Swarts, E. Vellinger, H. Weiss. Paris (Masson et Cie), 1936. Pp. xxvii + 
828. 10 X 6% inches. 220 francs (paper) ; 240 francs (cloth). [Bibliography 
at end of each chapter.] 

Hemmer, O. M., and Cuartes P, Emerson. Studies on the chemical nature of the 
interaction between the intrinsic and extrinsic antianemic factors upon in- 
cubation of liver extract and normal gastric juice. American Journal of 
Digestive Diseases and Nutrition, Vol. 3, pp. 906-908, 1937. [Bibliography of 
7 titles.] 

Hotmes, Harry N. Out of the Test Tube. Second Edition, Revised and Ex- 
panded. New York (Emerson Books, Inc.), 1937. Pp. jor. 9% X 6% 
inches. $3.00. 

Kraat, M. E., and G. H. A. Crowes. Studies on cell metabolism and cell division. 
II. Stimulation of cellular oxidation and reversible inhibition of cell division 
of dihalo and trihalophenols. Journal of General Physiology, Vol. 20, pp. 173- 
184, 1936. [Bibliography of 7 titles.] 

Levin, Barucn. Action des Lipoides sur les Phénoménes de la Lyse. (Saponine, 
Bactériophage, Rayons X). Actualités Scientifiques et Industrielles, 404. 
Biophysique Moléculaire, 1V. Paris (Hermann et Cie), 1936. Pp. 83. 10 Xx 
6% inches. 15 francs (paper). [Bibliographic footnotes.] 

Maurer, Kurt. Chemie der Inkrete und ihre wichtigsten Darstellungsmethoden. 
Abhandlungen aus dem Gebiete der Inneren Sekretion Band I. Leipzig 
(Johann Ambrosius Barth), 1937. Pp. vi + 67. 9% X 6% inches, RM. 
7.20. [Bibliographic footnotes throughout.] 

Mrovipov, Prerre. La constitution chimique et physico-chimique du noyau cellu- 
laire. Praha (Nakladem Kralovské Ceské Spoletnosti Nauk), 1936. Pp. 87. 
9% X 6% inches (paper). [Bibliography of 24% pages.] 

pu Nowy, P. Lecomte. La Température Critique du Sérum. I. Viscosité et 
Phénoménes Optiques. Actualités Scientifiques et Industrielles, 401. Bio- 
physique Moléculaire, 1. Paris (Hermann et Cie), 1936. Pp. 84. 10 x 6% 
inches. 18 francs (paper). [Bibliographic footnotes.] 





vision. 
$, and 
, Vol. 


ité de 
niques, 
Acides 
érivés 
le et 
et de 
jlyary- 
nzénes 
olides. 
re, R 
ion, F. 
xvii + 
graphy 


of the 
on in- 
nal of 
phy of 


nd Ex- 
x 6% 


ivision. 
livision 
yp. 173- 


ponine, 
'S, 404. 
10 X 


thoden. 
Leipzig 
RM. 


u cellu- 
Pp. 87. 


osité et 
. Bio- 
» 6% 


RECENT LITERATURE 445 


pu Nowy, P. Lecomte. La Température Critique du Sérum. II. Phénoménes 

Optiques et Phénoménes Ioniques. Actualitiés Scientifiques et Industrielles, 
402. Biophysique Moléculaire, 11. Paris (Hermann et Cie), 1936. Pp. 104. 
10 X 6% inches. 20 francs (paper). [Bibliographic footnotes.] 
Noty, P. Lecomte. La Température Critique du Sérum. III. Fixation 
d’Ether-Tension Interfaciale et Spectre d’Absorption Ultra-Violet. Actualités 
Scientifiques et Industrielles, 403. Biophysique Moléculaire, 111. Paris (Her- 
mann et Cie), 1936. Pp. 41. 10 X 6% inches. 10 francs (paper). [Bib- 
liographic footnotes.] 

SHERMAN, Henry C. Chemistry of Food and Nutrition. Fifth Edition Com- 
pletely Rewritten. New York (The Macmillan Co.), 1937. Pp. x + 640. 
7% X 5% inches. $3.00. [Bibliography at end of each chapter.] 

Socrety oF Brorocicat CHemists. Proceedings of the Society of Biological 
Chemists, (India). Volume 1 (January 1936-November 1936). Hebbal P. O., 
Bangalore (Society of Biological Chemists, Indian Institute of Science), 1936. 
Pp. ii + 45. 856 X 5% inches. Re. 1 (postage extra) (paper). 

Sure, Barnett. The Little Things in Life. The Vitamins, Hormones, and Other 
Minute Essentials for Health. New York (D. Appleton-Century Co.), 1937. 
Pp. xi + 340. 8 X 5% inches. $2.50. [Bibliographic footnotes throughout.] 


4. Pharmacology 


Lez, Henry M., A. M. VANARENDONK, and K. K. Cuen. A study of twenty- 
three quaternary ammonium iodides. Journal of Pharmacology and Experi- 
mental Therapeutics, Vol. 56, No. 4, 1936. Pp. (of reprint) 7. [Bibliography 
of 11 titles.] 

MANSFIELD, WrLLIAM. Materia Medica, Toxicology and Pharmacology. St. Louis 
(C. V. Mosby Co.), 1937. Pp. 707. 9 X 6 inches. $6.75. 

Noste, Tuomas B., Jr., and K. K. Cnen. Thevetin in thyrotoxicosis. American 
Journal of the Medical Sciences, Vol. 192, pp. 639 ff., 1936. [Bibliography of 
8 titles. ] 

Swanson, Epwarp E. Nitrogen-alkyl barbituric acid derivatives. Journal of the 
American Pharmaceutical Association, Vol. 25, pp. 858-859, 1936. [Bib- 
liography of 3 titles.] 

Swanson, Epwarp E., Myron M. Weaver, and K. K. Cuen. Repeated adminis- 
tration of amytal. American Journal of the Medical Sciences, Vol. 193, pp. 
246 ff., 1937. [Bibliography of 26 titles.] 


VI. PATHOLOGY, CLINICAL MEDICINE AND SURGERY 


BarTzNeR, WILHELM. Sport und Arbeitsschaden. Eine Zusammenfassung 
klinischer Beobachtungen und wissenschaftlicher Erkenntnisse zur Biologie 
der Arbeit und Pathologie der Funktion. Leipzig (Georg Thieme), 1936. 
Pp. 136. 10% X 7 inches. RM. 8 (paper) ; RM. 9.60 (cloth). [Bibliography 
of 2% pages.] 

Bonnet, Henri, and ArmManp Névor. Travaux Pratiques de Bactériologiec. 
Preface by Robert Debré. Paris (Masson et Cie), 1936. Pp. vi + 178 + 6 
plates. 7% X 5% inches. 38 francs (paper). 
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Cantacuzino, I. Travaux de I’Institute de Sérologie. Vol. 9. Bucarest, 1936. 

Haupuroy, P., G. Enrincer, A. Ursain, G. Gumttot, and J. Macrov. Diction- 
naire des Bactéries Pathogénes, pour l'Homme, les Annimaux et les Plantes. 
Paris (Masson et Cie), 1937. Pp. 508. 9% X 6% inches. 120 francs 
(paper); 140 francs (bound). [Bibliographic footnotes throughout.] 

Houmes, Artaur D. External use of cod liver oil for ulcers, wounds, burns and 
skin lesions—a review. Industrial Medicine, February 1937, pp. 77-83. [Bib- 
liography of 72 titles.] 

Luu, R. D., E. Francis, and R. R. Parker. The Pathology of Tularaemia. 
National Institute of Health Bulletin No. 167. Washington (Government 
Printing Office), 1937. Pp. ix + 217 + 50 plates + 1 folding chart. 9% x 
6 inches. 40 cents (paper). [Bibliography of 4% pages.] 

L’Institut SérorHéraPigue ve L’Etat Danors. Communications de 1!'Institut 
Sérothérapique de I’Etat Danois, Tome 25, 1936. 9% X 6% inches. 

Mauriac, Prerre. La Pathogénie des Oedémes. Confrontation des Théories a la 
Clinique. Paris (Masson et Cie), 1937. Pp. 87. 73% X 5% inches. 16 francs 
(paper). [Bibliography of 40 titles.] 

Owen, Sewarp E., and Max Cutter. Sex hormones and prostatic pathology. 
American Journal of Cancer, Vol. 27, pp. 308-315, 1936. [Bibliography of 
57 titles.] 

ScHWENTKER, Francis, F., Sipney GELMAN, and Perrtn H. Lonc. The treat- 
ment of meningococci meningitis with sulfanilamide. Journal of the American 
Medical Association, Vol. 108, pp. 1407-1408, 1937. [Bibliographic footnotes. ] 


VII. METHODOLOGY 
1. Mensurational and Observational 


ABDERHALDEN, Emit [Editor] Handbuch der biologischen Arbeitsmethoden. 
Lieferung 462. Quantitative Stoffwechseluntersuchungen (Erganzung zu Abt. 
IV, Teil 10). Containing following articles: Ein Gaswechselapparat fiir 
Kleintiere, by K. Junkmann; Methodik der thermoelektrischen Hauttempera- 
turmessung, by H. Pfleiderer and K. Biittner ; Elektrische Gaswechsellschreib- 
ung an Tier und Mensch, by H. Rein; Neuere Methoden der Spirographie 
und Spirometrie, by M. Schneider and W. Schoebel; Neue Gerate fiir direkte 
und indirekte kalorimetrie, by W. Bothe and H. Wollschitt. Berlin (Urban 
und Schwarzenberg), 1937. Pp. 236. 10 X 7 inches. RM. 14 (paper). 
{Bibliographic references throughout. ] 

Cuanc, Mrin-Cuvuex. A formol-thionin method for the fixation and staining of 
nerve cells and fiber tracts. Anatomical Record, Vol. 65, pp. 437-441, 1936. 
[Bibliography of 3 titles.] 

Nestette, C. B., Freperrck W. Brena, and Everett L. Priest. Elementary 
Photography for Club and Home Use. New York (The Macmillan Co.), 
1937. Pp. viii + 253. 7% X 5% inches. 72 cents. 

Sétcuvy, E. Code Universel des Couleurs. 720 Couleurs. Paris (Paul Leche- 
valier), 19036. Pp. Ixviii + 55 plates. 61% X 4% inches. 60 francs (paper). 


{Bibliography of 1 page.] 
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2. Mathematical and Statistical 


Brerrincer, E. Vergleichbare Verteilungsbilder (Frequenzpolygone). Ein Vor- 
schlag zur Vereinheitlichung der zeichnerischen Darstellung. Anthropol- 
ogischer Anseiger, Jahrg. 13, pp. 282-291, 1937. [Bibliography of 6 titles.] 

Bureau or THE Census. United States Census of Agriculture 1935. Descriptive 
Supplement. Technique of Tabulation. Washington (Government Printing 
Office), 1937. Pp. 20. 11% X 9% inches. 10 cents (paper). 

Dopp, Epwarp L. Internal and external means arising from the scaling of 
frequency functions. Amnnels of Mathematical Statistics, Vol. 8, pp. 12-20, 
1937. [Bibliographical footnotes.] 

Dopp, Epwarp L. Some elementary means and their properties. Abstracts of 
Papers Presented at the Research Conference on Economics and Statistics 
held by the Cowles Commission for Research in Economics, at Colorado 
College, July 6, to August 8, 1936, pp. 85-89. [1 bibliographic footnote.] 

Dopp, Epwarp L. The chief characteristics of statistical means. Abstracts of 
Papers Presented at the Research Conference on Economics and Satistics held 
by the Cowles Commission for Research in Economics, at Colorado College, 
July 6 to August 8, 1936, pp. 89-92. 

Durrenoy, J. Méthodes statistiques appliquées 4 la pathologie végétale. Annales 
des Epiphyties et de Phytogénétique, Vol. 1, pp. 147-256, 1934-1935. [Bib- 
liography of 65 titles.] 

Fisuer, Irvinc. Note on a short-cut method for calculating distributed lags. 
Bulletin de l'Institut International de Statistique, Vol. 20, No. 3. Pp. (of 
reprint) 6. [No date.] [Bibliographic footnotes.] 

Fisner, R. A. The Design of Experiment. Second Edition. Edinburgh (Oliver 
and Boyd), 1937. Pp. ix + 260. 8% xX 5% inches. 12s. 6d. net. [Bib- 
liography of 8 titles.] 

Fort, ToMLINSON. Maxima and minima of finite sums. American Mathematical 
Monthly, Vol. 43, pp. 164-172, 1936. [3 bibliographic footnotes.] 

Gavett, G. Irvinc. A First Course in Statistical Method. Second Edition. New 
York (McGraw-Hill Book Co.), 1937. Pp. ix + 400. 9 X 6 inches. $3.50. 

Kotter, S. Die Analyse der Abhangigkeitsverhaltnisse in zwei Korrelations- 
systemen. Metron, Vol. 12, pp. 73-105, 1936. [Bibliographic footnotes. ] 

Kostitzin, V. A. Biologie Mathématique. Preface by Vito Volterra. Paris 
(Armand Colin), 1937. Pp. 223. 6% xX 4% inches. 13 francs (paper) ; 
15.50 francs (cloth). [Bibliography of 31 titles.] 

Pricce, R. Fehlerrechnung bei biologischen Messungen. Die Naturwissenschaften, 
Jahrg. 25, pp. 169-170, 1937. 

Rretz, H. L. On the frequency distribution of certain ratios. Annals of Math- 
ematical Statistics, Vol. 7, pp. 145-153, 1936. [Bibliographic footnotes.] 

Rretz, H. L. Some topics in sampling theory. Bulletin of the American Mathe- 
matical Society, April, 1937, pp. 209-230. [Bibliographic footnotes.] 

RincLes, Frieprico. Mathematische Methoden der Biologie. Insbesondere der 
Vererbungslehre und der Rassenforschung. Leipsig and Berlin (B. G. 
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